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PREFACE

The present volume on Baltimore County is the eleventh of the series
of reports dealing with the physical features of the several counties of
Maryland. Init are considerations not only of the geology and mineral
resources but also the physiography, soils, elimate, magnetic declination,
and forests.

The Introduction, by Edward W. Berry, consists of an historieal
review of the development of knowledge concerning the physieal
features of Baltimore County and a bibliography of the more important
maps and reports dealing with the area. It shows that the growth of
knowledge has covered a long period of preliminary exploration, begin-
ning with the work of Captain John Smith and culminating in the refined
investigations of the complicated problems of the crystalline rocks of
the Piedmont. The earlier work by Tyson and others without modern
technique shows an intuitive understanding of the region of high char-
acter. The later modern investigations have been by a great many
workers, beginning with the elassic studies of the late Professor Williams
and numerous studies by students at the Johns Hopkins University.

The account of The Physiography of Baltimore County by Eleanora
Bliss Knopf represents an exhaustive mature investigation of the
surface features of the county in eonnection with the topographie
development of the whole terrane bordering the eentral Atlantie eoast,
This report is based upon new methods of research and is not only a
clear, consistent explanation of the present surface features of Baltimore
County but a distinet contribution to the scientifie interpretation of the
origin of the various terraces and gorges of the Piedmont area extending
from New Jersey southward.

The Geology of the Crystalline Rocks of Baltimore County by Eleanora
Bliss Knopf and Anna 1. Jonas represents the results of years of study.
The authors undertook this work with a knowledge of the detailed
studies and general interpretation of the region by Williams, Mathews,
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and their students, but also with a wide experience in similar conditions
to the north and south of the Maryland area. The region is particularly
intricate and has required close investigation of the highest sort and
unusual competency on the part of the authors to unravel the various
interlocking threads of the geological history.

The Geology of the Coastal Plain, by Edward W. Berry, is a clear
description of the various unconsolidated formations which cover the
southern border of Baltimore County along the shores of the Chesa-
peake. The formations exposed, ranging in age from Lower Cretaceous
to Recent deposits, are but a portion of a broad terrane from New
England southward in the interpretation of which the author is already a
well-recognized authority.

The Mineral Resources of Baltimore County, by Edward B. Mathews
and Edward H. Watson, is an account of the various sources of mineral
wealth which have been the bases of many industries in Baltimore City
and County. Most of the deposits had a relatively greater importance
in the mineral development of the country before the richer and more
profitable deposits of the West were known. The historical account of
the iron ore, building stones, copper, and chrome shows how the occur-
rence of low-grade sources of mineral wealth had a marked influence on
the development of many of the present industries in Baltimore which
now secure their raw materials more cheaply from the western states,
South Africa, and the islands of the Pacific.

The Soils of Baltimore County, by William T. Carter, Jr., J. M. Snyder,
and O. C. Bruce, is a report representing the cooperative work between
the Maryland Geological Survey, the U. S. Bureau of Soils, and the
Maryland Agricultural Experiment Station. The field work for this
report was done in 1917 and the report was published by the U. S.
Department of Agriculture in 1919. The results of the work on the
various types then found is of equal value today and should continue
to prove of service in the development of the agricultural interests of
the county which are so favorably situated close to the markets of
Baltimore City.

The Climate of Baltimore County, by Edward B. Mathews and Roscoe
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Nunn, is a summary of the elimatic eonditions of the area, based prin-
eipally upon the exhaustive work of Dr. Oliver L. Fassig, published
years ago as Volume II of the Maryland State Weather Service. The
present summary has been brought up to date by the Direetor and
Meteorologist of the State Weather Serviee. The compilation of
statisties and the recording of observations is the codperative work of
the Maryland State Weather Service with the U. S. Weather Bureau.

The Magnetic Declination of Baltimore County, by L. A. Bauer,
represents one of a series of reports on this subjeet for definite areas of
the State. It eontains much important information for the loeal
surveyors of the eounty and represents in part the results of long
eontinued work by Dr. Bauer in his magnetie surveys of Maryland
commenced under the auspices of the State Geological Survey in 1897,

The Forests of Baltimore County, by F. W. Besley, is a comprehensive
report of the study of the forest eonditions of the county which was
eondueted as part of the work of the State Department of Forestry.
This report by Mr. Besley econtains many helpful suggestions for
improving the forest resourees, particularly of the woodland lots of the
farms of Baltimore County.

The volume as a whole is an addition to the recorded results of the
investigation of the physical features of Maryland which has been
condueted in eodperation with several national bureaus, notably the
U. 8. Geologieal Survey, the U. S. Bureau of Mines, the U. 8. Coast and
Geodetie Survey, the U. 8. Weather Bureau, and the U. S. Bureau of
Soils and Agrieulture which have given many facilities in the eonduet
of the general investigation and have thereby inereased the value of the
several reports eontained in the volume. For their liberal assistanece
and cordial eo6peration the State Geological Survey desires to express
its thanks.
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DEVELOPMENT OF KNOWLEDGE CONCERNING THE
PHYSICAL FEATURES OF BALTIMORE COUNTY
BY
EDWARD W. BERRY

INTRODUCTION

The observations of carly explorers in what is now Baltimore County
were few and superficial and cven as late as the 18th century they
related to subjects which have since become separate fields of investiga-
tion. The account of the geographic exploration begins with the
voyage of Captain John Smith in 1608 and continues down to the cur-
rent work of the Maryland Geological Survey and other contemporary
investigations. The history of geologic rescarch in the region com-
mences with Wm. Maclure’s studies of 1809 and is brought down to
the present diversified geologic studies of the State Geological Survey
and othcr agencies.

Historicar REVIEW

Baltimore County, lying as it does toward the western head of Chesa-
peake Bay and containing as it does so much of the population of the
State, is of especial historic interest since in the carlier days of the
colony it was subordinate in importance to southern Maryland, and
before the days of land communications and ocean traffic offered no
more favorable site for settlement than the rest of the Chesapcake
estuary country.

As in all newly colonized regions the earlier maps were no better than
the incomplete explorations upon which they were based. The early
history of exploration in Baltimore County is therefore a record of
the gradual accumulation of information of the general region of which
Baltimore County is a part, and this only bccomes specific as the

county takes shape and the population of the area increases.
21
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Ture History oF GEOGRAPHIC REsEARCH!

The first geographieal exploration which was made into the region
whieh is now known as Baltimore County was carried on in the summer
of 1608 by Captain John Smith and a few companions, although the
results were not published until 1612-14.2 His deseription of the
country lacks precise details and is much generalized and his map would
seem to indicate that he simply sailed past the eoast of Baltimore
County, although the Patapsco is fairly well shown and is named (Bolus)
and noted as being navigable for a ship; and “Powels Iles’’ is probably
an inaccurate representation of Pool’s Island off the mouth of the

Gunpowder. Smith spent scarcely a month in his exploration of

Chesapeake Bay, but nevertheless was able to present a remarkably
well proportioned map of the Chesapeake Bay rcgion as a whole, con-
sidering the difficulties which he eneountered and the rough methods
of work he employed. This map was used for some time afterwards
as a basis of exploration and settlement.

The Lord Baltimorec map of 1635 is more distorted and generalized
than the Smith map, especially the upper part of the Bay, although the
lower Bay region and the Potomae show some improvements. The
unnamed Patapseo is represented as a large bay with mountain peaks
both to the north and south of it.

The Farrer map of 1651, drawn by Virginia Farrar, a nicce of Nieholas
Farrer, who was at one time conneeted with the London Virginia
Company, was drawn in London and is a mixture of faet, imagination,
and misrepresentation, and might be eonsidered as propaganda for the
London Virginia Company, since it attempted to show that in a ten-
days march from the head of James River one might arrive in New
Albion (California) on the shore of the Sea of China and the Indies.

The range of mountains shown, as many previous eommentators have
pointed out, is a fair representation of the Appalachians as well as in
about the position of the Sierra Ncvadas as known to explorers of the

! The motive which prompted Smith to this enterpris= was the exploration of
Chesapeake Bay and the adjac=nt country, so that the examination of Baltimore
County was only a portion of the work accomplished.

2 Mathews, E. B. Maps and Map Makers of Maryland, Md. Geol. Surv. II,

1898, pp. 337—488. The First Geological Excursion along the Chesapeake. J.H.
U. Cire., 1898, pp. 14-15.
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Pacifie eoast. The depietion of the Baltimore County region is espe-
eially distorted and inaeeurate, the eountry north of the Bolus (Pa-
tapseo) is ealled “Anandale C.”; the latitude given is wrong; and the
Hudson, Delaware, Susquehanna, and a large stream just north of
the Bolus, ealled “Willobies River,” probably representing a vague
eombination of the Bush, Gunpowder, and Baek rivers, are all parallel
in their eourses and the last is bigger than the Susquehanna. The
Hudson is shown eonneeting with the St. Lawrenee and thenee with
the Pacifie, showing the strange survival from the fifteenth eentury of
the idea that India and China were just beyond the Atlantie border.

Fifteen years after the Farrer map George Alsop, apparently an exile
from England beeause of his anti-Cromwellian opinions, got out a small
pamphlet in 1666 with a map. He lived in this part of the State so
that the upper western shore of the Bay is less distorted than on earlier
maps and the name Patapseo, as well as several other plaeces, appear
for the first time.

The map as a whole is, however, just the sort of a map that a rover
or untrained hunter might make, after a few years’ aequaintance with
the eountry and some knowledge of the edrlier maps. There is marked
distortion and many generalizations. The rivers are broad and without
individuality while the eoast line is represented by a series of sinuous
lines bearing no relation to the natural indentations of the Bay. The
small mountains of the map are not judieiously placed but, as in the
Lord Baltimore map, are seattered indiseriminately over the Coastal
Plain wherever the width between the rivers seemed to call for addi-
tional illustration. Both maps represent high land on the right bank
of the Patapseo. Although quaint with figures, after the manner of
the times, the value of the map lies in the use of the place names whieh
have eome down to us.

In 1670 Augustine Herman brought out a map eovering the region
from southern New Jersey to southern Virginia. Herman'’s history is
an interesting one. He first appears in Maryland as an ambassador
from Peter Stuyvesant, the governor of New Amsterdam, in an effort
to settle the frietion between the two eolonies over the Duteh settle-
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ments on the Delaware. Before leaving St. Mary’s he wrote to Stuy-
vesant suggesting the desirability of making an accurate map of the
upper Chesapeake as a basis for the settlement of the dispute between
the two colonies, and not meeting with any response, Herman offered
to make a map of Lord Baltimore’s territory in return for a manor
along the Bohemia River.

This offer was accepted by Lord Baltimore in 1660, and as soon as
the letter of denization was granted to Herman and his family he
moved his whole establishment down to the site of the present Bohemia
Manor. During the following decade Herman was busy with the
preparation of his map and the clearing of the lands about his new
home. His own native ability and the wide acquaintance gained in
his business as a surveyor soon brought him into considerable promi-
nence, and we find him a Justice of Baltimore County, a Commissioner
with Jacob Young to treat with the Indians, and empowered to grant
passcs to traders in the area. He was also on exceptionally good terms
with the authorities of Delaware, for we find that a road was built
at the latter’s expense from Newcastle halfway to his manbr, while
Maryland built the other half. His home was a favorite resort for the
higher officials of Maryland, and Charles, Lord Baltimore, is said to
have spent much time at Bohemia Manor.

The map which he produced in 1670 indicates considerable talent,
both as a surveyor and draughtsman. The configuration of the shores
about the upper bay are fairly well represented. The name Baltimore
County appears on the map, as well as Back and Gunpowder rivers,
and the original Baltemore Towne on Bush River.

Baltimore County had been erected about 1659. The original records
have never been found among the archives of the State, and no evidence
exists indicating whether its erection was due to a proclamation of the
Lord Proprietary or his representative, or to some action on the part
of the General Assembly. At that time there were St. Mary’s, Calvert,
Anne Arundel, and Charles counties on the Western Shore, and Kent
County on the Eastern. The seattered inhabitants on either side of
the Bay from the Patapsco and Sassafras rivers had no nearby county
seat in which to transact their business.
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The earliest settlements within the territory of the original Baltimore
County were probably those on Palmer’s Island at the mouth of the
Susquehanna River where Claiborne and his followers had established
trading settlements as early as 1627-28. Settlements subsequent to
that of Claiborne were few and seattered until in the deeades between
1660 and 1680 the development of the territory around the shores of
the head of the Bay was rapid, much of it taking place under the leader-
ship of Augustine Herman, who beeame the leading man of the region.
Settlements were formed at this time along the shores of Northeast
Creek and the estuaries of what is now Harford County. The eenter
of population for the new eounty of Baltimore lay about the head of
the Bay outside the territory now ineluded within the County.

As early as 1661 the eourt of Baltimore County was held near Howell’s
Point, below the mouth of the Sassafras River. A few years later, in
1664, Baltimore County eourt met at Carpenter’s Point on the North-
east River, and from 1674 to 1768 the county seat of Baltimore was
within the present confines of Harford County. It was not until
after the election of 1768 that the eounty seat was established within
the territory of the present Baltimore County.

Sueh widely scattered sites for the holding of the eounty court
naturally leads to the question as to what were the original limits of
Baltimore County. No terms are given in the reeords prior to the
proclamation of 1674 ereeting Ceeil County. It is necessary therefore
to examine the easual referenees and early records of land grants, ete.,
to determine the original limits. From these it appears now well
established that Baltimore County was at first intended to inelude
all the northern portion of Maryland, situated on either side of Chesa~
peake Bay from the Patapsco on the west to the Chester River on the
east, and northward as far as the northward bounds of the Provinee.
This broad region was at the time almost entirely covered with forests
and the few settlements, limited almost exelusively to the waterways,
were not as widely separated as they would now appear to be. The
unexplored forests at their backs and the easily traversed  waterways
in their midst tended to give a feeling of eompaetness and relative

seeurity to these otherwise isolated settlements.
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During the deeade and a half from the establishment of Baltimore
County to the separation of Ceeil County in 1674 there gradually arose
a feeling of distinetion between the territory on the eastern and western
sides of the Bay, the former being called East Baltimore County from
time to time. After the separation of Ceeil County the eounty seat
of Baltimore County was established on Bush River at old Baltimore
Town, where it remained until 1712, when it was removed to Joppa,
whenee it was again removed in 1768 to the present Baltimore City.
The gradual ehange to the westward of the eounty seat was the resulg
of the inereasing population along the Patapseo River, and northward
from the Bay shore until at the last date given the populations of the
upper and lower portions of Baltimore County were approximately
equal. The removal of the eounty seat oeeasioned eonsiderable feeling
between the two portions of the eounty. The inhabitants of the upper
or eastern portion soon expressed a desire for a separation from their
sueeessful rivals on the west. Aeeordingly in 1773 the General As-
sembly passed an Aet deereeing the ereetion of Harford County.

The western limits of Baltimore County were probably determined
at the time of its ereetion with respeet to the older Anne Arundel County,
from whieh it was separated, but the first statement on reeord is eon-
tained in the proelamation of 1674 whieh states that the boundary
should be “the south side of Patapseo River, and from the highest
plantations on that side of the river, due south two miles into the
woods.” Somewhat later the settlements of Baltimore County are
known to be as far up the Patapsco River as Hollofields, and it was

probably intended that the eounty should inelude the inhabitants on
both sides of the river to its mouth. In 1674 there was a practically

unsettled region between the Magothy and the Patapseo.

We are not here eoneerned with the later ehanges in the boundaries
of Baltimore. The southern boundary with Anne Arundel was speeifi-
eally defined in 1698 and altered in 1726. Frederick County was
ereeted in 1748, and Carroll County, after a lively politieal eontroversy,
was erected in 1837. The present City of Baltimore was authorized
by the General Assembly in 1730 and made the eounty seat in 1768.
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Fia. 5.—Portion of Herman’s Map of 1670 (slightly reduced)
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At the outbreak of the Revolution Baltimore eontained about 6,000
inhabitants and the Continental Congress met here during the winter
of 1776-1777. DBaltimore was ineorporated in 1796, the Aet becom-
ing effeetive in 1797, and made a separate politieal unit in 1850. The
later modifieations of the politieal boundaries of the City and County
have been additions to the area of the eity at the expense of the adja-
eent suburbs.

The history of this and other eounty boundaries in Maryland is
given in detail by Mathews?® in his account published in 1906.

The aeeount of the development of the geography of Baltimore
County would not be eomplete without a notiee of the exeellent work
done by Charles Mason and Jeremiah Dixon in running the historie
Mason and Dixon Line. Their eommission was dated the 9th of De-
eember, 1763, and their work was completed a little less than five years
later, on the 9th of November, 1768. No map appears to have been
published as a result of their work, though one was prepared in manu-
seript, and many notes of interest were reeorded in their field books.

At about the time of the outbreak of the Revolutionary War, Anthony
Smith published a chart of Chesapeake Bay on a seale of 33 miles to
the ineh. This ehart was intended for a guide to navigators, and such
information as shoals, channels, islands, and the various depths of
water were represented.

No large map of the Chesapeake shores was published as the result
of additional surveys after the appearance of Herman’s map until
1735. At that time Walter Hoxton, who seems to have been a eaptain
in the merehant serviee between London and Virginia, issued his draft
entitled “To the Merehants of London Trading to Virginia and Mary-
land This Mapp of the Bay of Chesepeaek, with the Rivers Potomaek,
Potapseo North East and part of Chester, Is humbly Dedieated &
Presented, by Walter Hoxton, 1735.”

In 1794 Dennis Griffith eompiled a map of the entire State whieh is
muech the best that had appeared up to that time. The prineipal
streams and towns of Baltimore County are shown in eonsiderable detail.

3 Mathews, Edward B. The Counties of Maryland, their origin, boundaries,
and election districts. Md. Geol. Survey, vol. vi, pt. 5, 1906.
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A marked advanec in the mapping of the region oecurred from 1834
to 1840 through the co-operation of Professor J. T. Dueatel, then State
Geologist of Maryland (1833-1842) and John H. Alexander, State
Surveyor. One map, published with the report for 1835, representing
the triangulation of the western shore of the Bay is of interest in showing
the location points for what was ‘“‘almost the only survey and, it is
believed, the first in the United States, based upon the proper prineiples
and eondueted by a skilled and seientifie observer.” The degree of
aeeuracy sought was within the limit of error of one-fortieth of a foot.
More than 60 stations are represented, and the work here indieated was
probably the basis of all the maps construeted prior to the eareful work
of the Coast and Geodetie Survey, and even later beyond the limits
of the latter’s work. There are indications that a line of tertiary
triangulation was conducted along ecrtain of the waterways, especially
in the vicinity of Baltimore.

The second sheet in the report for 1839 embraees all of the territory
between the Susquehanna and Westminster, i.e., Harford and Baltimore
eounties with parts of Carroll ecounty, so that there were prepared by
Alexander a continuous sketeh of the territory from the Susquehanna
to the Hagerstown Valley, on the seale of 1:200,000. This sheet differs
from the preeceding ones by having indieated upon it the loeations of
the more important triangulation stations. There is also some indica-
tion of the ore pits of the region whieh have been of some eeonomic
importanee.

The U. 8. Coast and Geodetic Survey began their surveys in the Bay
about 1845 and their work represents a great advanee in workmanship.
The details for these for the Baltimore area are given in Vol. I of the
reports of the present State Geologieal Survey. As the port of Balti-
more inereased in importanee numerous resurveys of the harbor, the
Patapseo River entranee, and the Bay were made and published. This
aetivity has continued down to the present time, since 1876 usually
in eo-operation with the City of Baltimore through the Harbor Board.

The U. 8. States Geologieal Survey, which was organized in 1879,
initiated work in Maryland in 1883, the Baltimore sheet on a seale
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of 1 inch to the mile having been published in preliminaryform in 1892to
aceompany the Guide to Baltimore, prepared by the local committee
of the American Institute of Mining Engineers.

The present State Geological Survey was organized in 1896 and
energetically prosecuted the completion of a topographic map of the
State in co-operation with U. S. Geological Survey. Baltimore County
has been published on the scale of 1 mile to the inch and the City has
been mapped on a mueh larger scale in co-operation with the Baltimore
Topographical Survey, whieh for many years has done such high-grade
work for the municipality. The State Survey has also issued many
small maps covering parts or all of the County in connection with its
studies of the igneous rocks, building stones, chrome, iron, flint, feldspar,
and other mineral occurrences. There have been several atlases of
Baltimore County and Baltimore City published by private enterprise.
These have not been based upon original surveys and will be found
listed in the accompanying bibliography.

Tue History oF GEOLOGIC RESEARCH

From a very early date, those who have examined the geology of
Baltimore County have distinguished between the crystalline roeks of
the Piedmont Plateau and the unconsolidated sediments of the Coastal
Plain. These two provinces have always been considered as distinet,
and as separated from each other by a great time interval. In the
early days of geologic rescarch, when those who pretended to study the
science at all were either amateurs or were busy with other occupations
during the greater part of the time, the intrinsie problem of the Pied-
mont rocks prescnted difficulties too great to be overcome.

The first paper of importanee was published by William Maclure in
1809. Although this contribution dealt in a broad way with the geology
of the United States, yet it shed eonsiderable light on Baltimore County.
Maelure separated the formations of that region into two great prov-
inces, the Primitive and the Alluvial. These two divisions correspond
to what we now know as the rocks of the Piedmont Plateau and the
deposits of the Coastal Plain, and the line which separated the two
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groups was drawn by Maelure approximately as it is known today.
This paper, whieh was aceompanied by a geologieal map, was repub-
lished many times in subsequent years; the last one appearing in 1826.
The unity of the Coastal Plain deposits as promulgated by Maelure
seems to have been quite generally aecepted at the time, for Hayden,
in 1820, in a series of essays which attracted eonsiderable attention,
referred to these Alluvial deposits and advaneed the theory that they
were deposited not by rivers but were swept in by a great flood whieh
erossed North Ameriea from northeast to southwest. Two years later,
Parker Cleaveland endorsed Maelure’s map by reprodueing it in his
treatise on mineralogy.

No serious exeeption seems to have been made to Maelure’s inter-
pretation until 1824, when Professor John Fineh, an Englishman who
was making a tour of the United States, called attention to the complex
eharaeter of the Alluvium. He divided it into Ferruginous and Plastie
elay, and eorrelated these with the Newer Seeondary and Tertiary
of Europe.

John Fineh’s suggestions seemed to have had a stimulating effeet on
Ameriean geologists, for a number of papers followed in rapid sueeession
in whieh the attempt was repeatedly made to divide the Alluvium into
its natural formations and to eorrelate them with established horizons
in Europe. These early investigators, although keen men in eertain
instanees, did not, however, have the necessary training to eope sue-
eessfully with the problems whieh they sought to solve. None of them
seemed to have realized the peeuliar diffieulties of Coastal Plain stratig-
raphy. All of them did their work rapidly and unsystematieally, and
most of them reached their eonelusions prematurely. Seldom was a
paper aeeompanied by a geologieal map, few loealities were given and
descriptions were usually ambiguous and unsatisfactory. The result
was that the formations deseribed by one investigator were almost sure
to be ineluded in those deseribed by another, and out of the endless
eonfusion whieh arose from this sort of work, little of value has survived.
It was not until geologists in eonneetion with the Johns Hopkins Uni-
versity, the United States and Maryland Geologieal Surveys made a
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systematic study of Maryland and the adjacent region that a sub-
division and a natural eclassification was finally worked out for the
Coastal Plain.

The crystalline roeks of the Piedmont were mueh later in being
systematically studied and it is only in recent years that their eorrect
relations have been thoroughly understood.

The first report of Philip T. Tyson as State Agrieultural Chemist of
Maryland appeared in January, 1860. In this paper he published an
able summary of the geology of Maryland, and indieated the position
and extent of the various formations on a geological map. The crystal-
line roeks of Baltimore County are represented on this map in three
colors, and are divided into Gneiss, Miea Slate, Hornblende Slatc,
Trap, and Serpentine; thus representing the most complex series of
rocks which had up to that time been distinguished.

The organization of the Johns Hopkins University in 1876 inaugurated
a period of seientifie aetivity in Maryland, which has meant a great
deal in the material advaneement of the State. In the winter of 1876-77
Professor J. E. Hilgard, the Superintendent of U. S. Coast and Geodetie
Survey lectured on the Methods and Results of Surveys and diseussed
the features of the Chesapeake basin in 20 lectures. A model of the
Druid Hill Park region was subsequently presented to the City. The
Biologieal Department and the Baltimore Naturalists’ Field Club,
organized by Professor H. Newell Martin, were aetive in studies of the
flora, fauna, and physiography of the Baltimore region, as was also the
Maryland Academy of Sciences under the able direction of Professor
P. R. Uhler. The Geological Department was started in 1883 when
Dr. George Huntington Williams, fresh from petrographic studies in
Germany, was appointed instructor in mineralogy. His appointment
marked the beginning of a period of investigation of the geology and
mineral resourees of the State that has been earried on by his associates
and successors continuously to the present time. This period is by far
the most important in the study of the physieal features of the State.

The carliest work of Dr. Williams was in the region of erystalline
roeks of Baltimore and vieinity, the first studies being eonecrned with
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the gabbros and associated hornblende rocks in 1884, followed in rapid
sueeession by studies of the so-called quartz porphyries, granites,
pegmatites, amphiboles, etc. By the year 1887 Professor Williams had
extended his studics of the erystallinc roeks outside the Baltimore
region northeastward into Harford and Cecil counties.

In 1887 Wm. Bullock Clark became associated with Professor Wil-
liams and actively inaugurated a study of the Coastal Plain of the State.
A large seale relief map of Baltimore and vicinity was prepared in 1892,
The preparation of a book upon Maryland whieh should properly set
forth its resourees, industries, and institutions was intrusted by the
Board of World’s Fair Commissioners to the faculty of the Johns
Hopkins University in 1892; those portions dealing with the physieal
features having been prepared by Professors Williams and Clark.
Following the untimely death of Professor Williams in 1894 Dr. E. B.
Mathews was appointed instructor in mineralogy and petrography, and
took up the work of Professor Williams on the erystalline roeks of the
Piedmont region.

A bill organizing the Statc Geologieal and Iiconomic Survey was
passed by the Gencral Assembly in 1896 and Wm. Bullock Clark was
appointed State Geologist. The history of geologie studies in Maryland
from that time is largely a history of the aetivity of the State Survey
in eo-opcration with various Federal bureaus. It may be fairly said
that no single individual has cxerted more influence in advancing the
material intcrests of the State than did Professor Clark during the 21
years that he administered the offiee of State Geologist. In so far as
these activitics rclate to Baltimore County they werc prosecuted by
Dr. E. B. Mathews, who beeame State Geologist upon the death of
Dr. Clark in the summer of 1917.

The later publications dealing with the progress of gecologieal studies
in Baltimore County are listed in the following bibliography and
their discussion in detail would unwarrantedly extend the limits of
this ehapter.
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ALsop, GEORGE. A Character of the Province of Maryland.

(Repub.). Gowan’s Bibliotheca Americana, New York, 1869, No. 5.

1669
SHRIGLEY, NATHANIEL. A True Relation of Virginia and Mary-Land; with
the commodities therein, [ete.]. London, 1669.

(Repub.) Forces’s Collection of Historical Tracts, vol. iii, No. 7, Washington,
1844, 51 pp.

1673

HerMan, AugusTIN. Virginia and Maryland As it is Planted and Inhabited
this present Year 1670.
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1676

SpEED, JOHN. A map of Virginia and Maryland.

The Theatre of the Empire of Great Britain, presenting an exact geography of
the Kingdom of England (etc., etc.) together with a Prospect of the most famous
Parts of the World, viz., Asia, Africa, Europe, An.erica. London: printed for
Thos. Bassett, 1676. Fol.

1708
MoLrr, H. A new map of Virginia and Maryland.
Oldmixon, (John). The british empire in America, 12°, London for J. Nichol-
son, 1708, p. 209.

1717
Movrr, H. A new map of Virginia and Maryland.

Atlas Geographers; or a compleat System of Geography, 4° in the Savoy—E.
Nutt for J. Nicholson, 1717, vol. v, p. 700.

1719

SENIX, J. A new map of Virginia (and) Maryland and Improved parts of
Pennsylvania & New Jersey, revised by I. Serfix 1719 most humbly Inscribed to
the Right Honble the Earl of Orkney &ct.

1730
Mocrr, H. Virginia and Maryland.

1733
HaxToN, WALTER. A Merchants chart of the Chesapeake.
“To the merchants of London trading to Virginia and Maryland this mapp of

the Chesapeake with the rivers Potomoch, Patapsco and part of Chester is
dedicated.”

1735
HaxToN, WALTER. To the Mecrchants of London Trading to Virginia and
Maryland This mapp of the Bay of Chesapeack with the Rivers Potomack, Pa-
tapsco North East and part of Chester, Is humbly dedicated & Presented by
Walter Haxton 1735.
SENIX, JouN. Maryland according to the bounds mentioned in the charter
and also of the adjacent country, anno 1630, London, 1735.

1736
Moirr, H. Virginia and Maryland.
Atlas minor obl. fol. London for T. Bowles and J. Bowles, 1737, No. 50.

1740

ANoON. A map of Parts of the Provinces of Pennsylvania and Maryland, with
the counties of New Castle, Kent, and Sussex in Delaware according to the most
exact surveys yet made, drawn in the year 1740. London. (Chancery Proc.)
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1747
Bowen, EMAN. A new and accurate map of Virginia & Maryland. Laid down
from surveys and regulated by astron’l Observat’ns.
A complete system of geography. fol. London, for W. Inns, 1747, vol. ii, p.
647 (Phillips).
1750
GARvIN. A map of Virginia and Maryland. London, 1750 (Phillips).

1751

Fry, Josnua, and JEFFERSON, PETER. A map of the most inhabited part of
Virginia containing the whole province of Maryland with parts of Pensil-
vania, New Jersey and North Carolina. Drawn by Joshua Fry and Peter
Jefferson in 1751.

Numerous subsequent editions.

1755

Barpwin, R. A map of Virginia, north and south Carolina, Georgia, Mary-
land, with a part of New Jersey (etc.). London, 1755.

DaLrYMPLE, J. A map of Northern Virginia, Delaware, New Jersey, Southern
Pennsylvania and Maryland. London, Jan. 1, 1755.

“From information collected on the spot and entered in his journal.”

Evans, LEwis. A general map of the middle british colonies in America, via:
Virginia, Mariland, Delaware, Pensilvania (etc.)

Evans’ geographical, historical, political, philosophical and mechanical essays.
4°, Phila.: B. Franklin & D. Hall, 1755.

1756
AnoN. An exact Platt of Baltimore Town in Baltimore County, Md.

1758

Anon. Carte de la Louisiane, Maryland, Virginia, Caroline, Georgie, avec
Partie de la Floride a Amsterdam chez C6évens & Mortier 1758 (C. Lepp scult.)

Axon. Carte de la Louisana, Maryland, Virginie, Caroline, Jarsey. Sold by
William Mount & Thos. Page. Tower Hill.

The English Pilot, fourth book fol. London, 1758, facing p. 23.

Anoxn. Karte von der bay Chesapeack und den benach barten landen.

Allgemeine historie der reisen zu wasser und lande. 4°. Leipsig: Arkstie

& Merkus, 1758, vol. xvi, p. 538,

Evans, LEwis (and I. Giso~). A general map of the middle british colonies
in America, viz Virginia, Maryland, Delaware (etc.). Carefully copied from the
original at Philadelphia by Mr. Lewis Evans 1755 with some improvements by
I. Gibson. (London 1758.)

Evans, LEwis (and Tnos. JEFFrYs). A general map of the middle british
colonies in America viz. Virginia, Maryland, Delaware (etc.). By Lewis Evans.
Corrected and improved by Thos. Jeffreys. London. R. Sayer & T. Jeffreys
1758.

A general topography of North America and the West Indies, 1768, No. 32.
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1759

Homann, Ion. Bapr. Virginia, Marylandia et Carolina in Ameriea Septen-
trionali Britannorum industria exeultae repraesentatae a Ioh. Bapt. Ilomann S.
CM. Georg. Norumbergae.

Atlas grographieus maior fol. Norumbergae eurantibus Homanniania heredi-
bus, 1759.

1760
ANoN. A new map of the Provinee of Maryland in North Ameriea.

1762

AnoN. Carte de la Virginia, Maryland, ete., tirée des meilleures eartes ang-
loises (Bellin, Paris 1672).

1767

(HErMANN, A.) Virginia, Maryland, Pennsylvania East and West New Jersey.
Dublin. Sold by Geo. Grierson at the Two Bibles in Essex Street.
The English Pilot. The fourth book fol. Dublin: B. Grierson, 1767, after p. 24.

1768
Fry, Josnvua & Jerrerson, PETER. A map of the most inhabited part of
Virginia eontaining the whole provinee of Maryland ete.
A general topography of North America and the West Indies. fol. London, for
R. Sayer and T. Jeffery, 1768, Nos. 54-57.

1775
Fry, Josuua & JEFFERsoN, PETER. A Map of the most Inhabited part of
Virginia eontaining the whole provinee of Maryland with parts of Pensilvania,
New Jersey and North Carolina. Drawn by Joshua Fry & Peter Jeffersonin
1775.
Dedieated to the Earl of Halifax, (et al.).
The Ameriean Atlas. London, 1778, Sayer & Bennett.

Evaxs, LEwis (and JEFFRYs, Tnos.) A general Map of the Middle British
Colonies in Ameriea, viz., Virginia, Maryland, Delaware, Pensilvania, New
Jersey, New York, Conneetieut and Rhode Island (ete.).

Published by Lewis Evans, Phila., eorreeted and improved with additions by
Thos. Jefferys. In Ameriean Atlas, by Thos. Jefferys, No. 18, London, 1755.
Sold by R. Sayer in Fleet Street and T. Jefferys, Charing Cross.

1776

PownaLry, L. General map of Middle British Colonies in Ameriea eontaining
Virginia, Maryland, the Delaware eounties, Pennsylvania and New Jersey. (ete.)
eorreeted from Gov. Pownall’s late map 1776. London for R. Sayer & J. Bennett
15 Oet. 1776.

The Ameriean military poeket atlas. 8°,

Surtir, ANTHONY. A New and Aeeurate Chart of the Bay of Chesapeake with
all the Shoals, Channels, Islands, Entranees, Soundings and Sailor marks, as far
as the Navogable Part of the Rivers Potowmaek, Patapseo, and North East.
Drawn from several Draughts made by the most experieneed navigators, ehiefly
from those of Anthony Smith, Pilot of St. Mary’s.
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1778
Sumith, A. Carte de la baie de Chesapeake et de la partic navigable des rividres
James, York, Patowmack, Patuxent, Patapseo, North-East, Choptant et Poko-
mack. Redigée pour le serviee des vaissance du roi, par ordre de M. de Sartain
d’apres des plans anglois et particulierement eceux d’ Antoine Smith, 1778,

1780
PresBURY, G. G. Plan of Baltimore (MS).

1792

Fourig, A. P. Plan of the Town of Baltimore and Environs. Dedicated to the
Citizens of Baltimore. Taken upon the spot by their most humble Servant A. P.
Folie, French Geographer. James Poapard seulpsit, Phila.

1795

GrrrrFITP, DENNIS. Map of the State of Maryland, laid dowi from an actual
survey of all the prineipal waters, publie roads and divisions of the Counties
therein; ete. by Dennis Griffith June 20, 1794—Phila. pub. June 6, 1795 by J.
Vallance, Engraver.

Map of the state of Maryland and of the Federal Territory as also of
the State of Delaware. Philadelphia (J. Vallance) 3 large sheets (Williams).
Lewis, SAMUEL. Maryland.
Carey’s General Atlas improved and enlarged No. 16. Phila., 1795.

1799
A~oN., Plan of Baltimore. (Md. Hist. Soc.)

1801

WARNER & HanNA’s Plan of the City and Environs of Baltimore, Respectfully
dedicated to the Mayor, City Couneil & Citizens thereof by the Proprietors. Re-
published by Lueas Bros. 1870,

1809
GORDAN, SiLvaIN. Observations to serve for the Mineralogical Map of the
State of Maryland. (Read Nov. 6, 1809).
Trans. Amer. Phil. Soc., o. s., vol. vi, 1809, pp. 319-323.

MacLurg, WM, Observations on the Geology of the United States, explana-
tory of a Geological Map. (Read Jan. 20, 1809.)
Trans. Amer. Phil. Soe., 0. s. vol. vi, 1809, pp. 411428,

1810

Haypen, H. H. [“Mineralogical and Geological Description of the Country
surrounding Baltimore to the extent of about nine miles.”’]
Balt. Med. Phil. Lye., vol. i, 1810, pp. 255-271.

1813

GrirriTH, DENNIS. Map of the state of Maryland and of the Federal Territory
as also of the state of Delaware. 2nd Edition J. Melish. Phila. 1813,
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1814
GiLmor, Rosr., Jr. A Descriptive Catalogue of Minerals occurring in the
vicinity of Baltimore, arranged according to the distribution méthodique of
Hauy.
Bruce Min. Jour., vol. i, 1814, pp. 221-232,

1817

MacLurg, Wn.  Observations on the Geology of the United States of America,
with some remarks on the effect produced on the nature and fertility of soils by
the decomposition of the different classes of rocks. With two plates. 12 mo.
Phila., 1817,

1818
[CarEY, M.] Maryland.
Carey’s General Atlas, improved and enlarged, 3rd edit. Phila., 1818. [1st
edit. 1814]
1820

Haypex, H. H. Geological Essays; or an Inquiry into some of the Geological
Phenomena to be found in various parts of An.erica and elsewherc. 8vo. pp. 412.
Baltimore, 1820.

1823

Anon. Report by the Maryland Commission on a Proposed Canal from Balti-
more to Conowago, with maps and profiles. Baltimore, 1823.
(Rev.) N. A. Rev., vol. xviii, 1824, 217.

SmaLr, W. F. A map shewing the extent of the Susquehanna Country and its

Practical Canal routes as designated by the Susquehanna Commissioners 1823.

Report by the Maryland Commissioners on a Proposed Canal from Baltimore
to Conowago. Baltimore, 1823.

Lucas, F., Jr. A topographical Map of the route of a Proposed Canal and the
country between Conowago and Baltimore.
Report by the Maryland Commission on a Proposed Canal from Baltimore to
Conowago. Baltimore, 1823.
Maryland (with plan of Baltimore). Copyrighted Nov. 1, 1819.
A General Atlas containing distinet Maps of all the known countries in the
world. Baltimore, by Fielding Lucas, Jr., 1823.

1824

Harrer, GENERAL [R. 8.] Speech to the Citizens of Baltimore on the expedi-
ency of promoting a connexion Betwecn the Ohio, at Pittsburg and the waters of
the Chesapeake at Baltimore by a Canal through the District of Columbia, with
his reply to some of the objections of Mr. Winchester.

Delivercd at a meeting held at the Exchange on the 20th day of December,
1823. Baltimore, 1824, 78 pp., map.

(Rev.) N. A. Rev., vol. xviii, 1824, p. 217.

1825
SpARKS, JARED. Baltimore.
N. A. Review, vol. xx, 1825, pp. 99-133.
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1827
Disrow, LEvi. Notice of some recent experiments in boring for fresh Water,
and of a pamphlet on that subject.
Amer. Jour. Sci., vol. xii, 1827, pp. 136-143.

1828
Axox. First Annual Report of the Board of Engineers to the Board of Dirce-
tors of the B. & O. R. R. 43 pp. Map of route from Baltimore to Ellicott’s Mills.
Reviewed by Peter H. Cruse in N. A. Rev., vol. xxviii, 1829, pp. 166-186.

1829

AxoN. Third Annual Report of the President and Directors to the Stock-
holders of the B. & O. R. R. 8vo. 105 pp.

1830
TysoN, Puiutp T. Notice of some Localities of Minerals in the counties of
Baltimore and Harford, Md., with an Appendix by C. U. Shepard (on
Deweylite).
Amer, Jour. Seci., col. xviii, 1830, pp. 78-84.

1833

BerTHIER, P. Analysis of Fer Titané of Baltimore.

Amer. Jour. Sci., vol. xxiv, 1833, pp. 375-376. Extracted from Annalcs des
Mines, tome iii, p. 39.

Analyse de divers Mineraux Metalliques. Fer Titané de Baltimore
en Maryland.

Ann. des Mines, 3me serie, tome iii, 1833, pp. 41-43.

Fixcn, J. Travels in the United States of America and Canada. London,
1833. 8vo. 455 pp.

Haypen, H. H. Description of the Bare Hills near Baltimore.

Amer. Jour. Sci., vol. xxiv, 1833, pp. 349-360, map.

Latrosg, B. H. Map & Profile of the Projected Lateral Railroad to the City
of Washington in connection with the first nine miles of the Balt. & Chio Rail
Road shewing the entire route from Balto. to Washington.

Accompanying Seventh Annual Report Pres. and Dir. B. & O. R. R. Baltimore,
1833.

1834

DucaTEL and ALExANDER. Maryland.

Report on the Projected Survey of the State of Maryland. Annapolis, 1834.
1835

Ducater, J. T., and ALEXANDER, J. H. Report on the New Map of Maryland.
1834, [Annapolis] n. d. 8vo, 59, i, pp. Two maps and one folded table.
Md. House of Delegates, Dec. Sess., 1834,
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1837

Bacng, A. D.,and CourTENAY, E.H. Observations to determine the magnetic
dip at Baltimore, Philadelphia, New York, West Point, Providence, Springfield,
and Albany. (Read before Amer. Phil. Soe., Nov. 7, 1834.)

Trans. Amer. Phil. Soe., n. s. vol. v, 1837, pp. 209-211.

TysoN, Parnip T. A deseriptive Catalogue of the prinecipal minerals of the
State of Maryland.

Trans. Md. Aead. Sei. and Lit., 1837, pp. 102-117.

1839
Ducarey, J. T. Annual Report of the Geologist of Maryland, 1838. 8vo,

map and illustrations. 33 pp. [Annapolis, 1839].
Md. Pub. Doe., Dec. Sess., 1838.

1840
ALEXANDER, J. H. and Ducarey, J. T. Map B (Topographic map of Harford,
Baltimore and part of Carroll counties.)
Aceompanying Ann. Rept. of the Geologist of Maryland, 1839.

Loowmis, Erias. On the Variation and Dip of the Magnetie Needle in the
United States.

Amer. Jour. Sei., vol. xxxix, 1840, pp. 41-50.

1843

TuromsoN, Tnomas. Notice of Some New Minerals.,
Phil. Mag., 3d ser., vol. xxii, 1843, p. 191.

1851
PorrrLETON, I. H. Plan of Baltimore by I. H. Poppleton eorreeted to date
(Hoen Lith.) 1851.
SipneyY, J. C. and Brown, J. P. Map of City and County of Baltimore from
original surveys by J. C. Sidney and J. P. Brown.
SimmoNs. Poppleton’s Map of Baltimore City eorreeted to 1851.

1852

ANoN, Map of Baltimore City and part of Baltimore county, ineluding the
Valley of the Great Gunpowder River, from Warren Faetory to tide, from surveys
made in aeeordanee with the Resolutions of Mayor and City Council of Baltimore,
May 11, 1852. Lith. by Hoen.

FrsHer, R. S. Gazateer of the State of Maryland ecompiled from the returns
of the Seventh Census of the United States.

New York and Baltimore, 1852, 8 vo., 122 pp.

1853

StApe, James. Plan of Baltimore and Vieinity, showing proposed routes for
bringing water from Jones’, Gwynn’s Falls, and Patapseo River, direeted by Jas.
Slade, 1853.
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1855

DierrENBACH, OTT0. Das Vorkommen von Chrom-Erzen und ihre Verar-
beitung in den Vereinigten Staaten von Nord Amerika.
N. J. B,, vol. ii, 1855, pp. 533-539.

1856

Anon. Plat of South Baltimore.
Prospectus of the South Baltimore Company. Baltimore, 1856.

ScorT, Jos. (?) Scott’s Map of the City of Baltimore, from Surveys by Martenet.

1857

TavyLor, RoBerT. Map of the City and County of Baltimore, Maryland, from
actual surveys by Robert Taylor. Lith. Hinckel & Son, Baltimore, 1857,

1859

JacksoN, Cras. T. Maryland Marbles and Iron Ores.
Proc. Boston Soc. Nat. Hist., vol. vi, 1859, pp. 243-245.

1860
Favuw, Ava. (Manuscript map of Druid Hill Park.)
Tyson, PaiLip T. First Report of Philip T. Tyson, State Agricultural Chem-
ist, to the House of Dclegates of Maryland, Jan. 1860. Annapolis, 1860. 8vo.

145 pp. Maps.
Md. Sen. Doc. [E]. Md. House Doc. [C].

Report of Chemist. n. d. (1860), 8vo, 4 pp.

1862
TysonN, Paiuip T. Second Report of Philip T. Tyson, State Agricultural
Chemist, to the House of Delegates of Maryland, Jan. 1862. Annapolis, 1862.

%vo. 92 pp.
Md. Sen. Doc. [F].

1864

Pay~NTER, THoOS., and GaussoiN, Eve. Prospectus of the Bare Hill Copper
Mining Company. Baltimore. 1864. 15 pp.

1867
Hiceins, James. A Succinet Exposition of the Industrial Resources and
Agricultural advantages of the State of Maryland.
Md. House of Delegates, Jan. Sess., 1867 [DD], 8vo, 109, iii pp.
Md. Sen. Doc., Jan. Sess., 1867 [U].
KirrLeweLL, S. H. Map of the Baltimore and Ghio Rail Road with its
Branches and Connections, also Profiles.

1870

AnoN. Report of the Joint Standing Committce on Jones Falls to the First
Branch of the City Council of Baltimore (etc.). Baltimore, 1870. 178 pp.
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1873

MARTENET, S. J., WarLing, H. F., Gray, F. A, New Topographic Atlas of
Maryland, with historical, scientific and statistical deseriptions, and map of the
United States, by Martenet, Walling & Gray. Baltimore, 1873.

1876

Hacuewerper, JouN (W. C. Reichil, editor). Names which the Lenni Len-
napi or Delaware Indians gave to Rivers, Streams and Localities within the states
of Penn., New Jersey, Maryland and Virginia.

1877

Gray, F. A, New Railroad map of the states of Maryland, Delaware and the
District of Columbia. Copyrighted by O. W. Gray & Son.
All of Lake, Griffing & Stevenson’s county atlases.

Horxkins, G. M. Atlas of Baltimore County. 4°. Phila. 1877.
Atlas of Baltimore and its Environs. 2vols. 4°. Phila. (?) 1876-7.

1878

Horkins, G. M. Atlas of fifteen miles around Baltimore including Anne
Arundel County. 4°. Phila. 1878.

Atlas of fifteen miles around Baltimore including Howard County.
4°, Phila. 1878.

1879

Scuarr, J. T. History of Maryland from the Earliest Period to the Present
Day. 3 vols., 4to, Baltimore, 1879.

1881
ScHARF, J. T. History of Baltimore City and County. 4to. Phila. 1881

1882
Rosinson, E. Map of Baltimore and Vicinity. E. Robinson (?). New York,
84 Nassau St. 1882,
U. S. CoasT aND GEODETIC SURVEY. Baltimore Harbor and Approaches with
sub-charts of the Basin and Sparrows Point on scale -1/10000. No. 384. First
edition (last edition, 1895).

1883
Burnuam, S. M. History and Uses of Limestones and Marbles. 8vo. Ill.
392 pp. Boston, 1883.
Maryland, pp. 57-58.
Day, D. T. Chromium.
Mineral Resources U. S., 1882, Washington, 1883, p. 428.
UnLrEr, P. R. Geology of the Surface Features of the Baltimore Area.
Johns Hopkins Univ. Cire. No. 21, vol. ii, 1883, pp. 52, 53.
(Abst.) Science, vol. i, 1883, pp. 75-76, 277.
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1884

WEBSTER, ALBERT L. Baltimore and its Neighborhood. An Excursion Map
compiled for the Johns Hopkins University, etc. Edited by Albert L. Webster.
Drawn by Louis Neil. Baltimore, Johns Hopkins University, 1884.

WiLLiams, GEorGE H. Prclimirdary notice of the Gabbro and Associated
Horneblende rocks in the vicinity of Baltimore.

Johns Hopkins Univ. Cire. No. 30, vol. iii, 1834, pp. 79-80.

Notc on the so-called Quartz Porphyry at Hollins Sta. north of

Baltimore.
Johns Hopkins Univ. Cire. No. 32, vol. iii, 1884, p. 131.

1885

BroMmLEY, G. W. & W. 8. Atlas of Baltimore, Md. (incompletc) 2 vols. 1885.

Wirniams, GEORGE H. Dykes of apparently Eruptive Granite in the neigh-
borhood of Baltimore.

Johns Hopkins Univ. Cire. No. 38, vol. iv, 1885, pp. 65-66.

————— Amphibole-Anthophyllite from Mt. Washington, Baltimore Co.
Amer. Nat., vol. xix, 1885, 1884.

Hornblende aus St. Lawrence County, N. Y.; amphibole-anthophyl-

lite aus Gegend von Baltimore (etc.).

N. J. B., 1885, ii, p. 170.

1886
Day, D. T. Chromium.
Mineral Resources U. S., 1885, Washington, 1886, p. 358.
WirLiams, G. H. The Gabbros and Associated Hornblende Rocks occurring
in the neighborhood of Baltimore, Md.

Bull. U. S. Geol. Survey No. 28, 1886, 78 pp., 4 pls.
House Misc. Doc., 49th Cong., 2d sess., vol. viii, No. 163.

On a remarkable crystal of pyrite from Baltimore County, Maryland.
Johns Hopkins Univ. Cire. No. 53, vol. vi, 1886, p. 30.

1887

WEBsTER, ALBERT L. Baltimore and its neighborhood. An Excursion Map
compiled for the Johns Hopkins University, ete. Edited by Albert L. Webster,
Drawn by Louis Neil. Second edition. Johns Hopkins University, 1887.

Wirtniams, G. H. On a Plan Proposed for Future Work upon the Geological
Map of the Baltimore Region.

Johns Hopkins Univ. Circ. No. 59, 1887, pp. 122-123.

— Notes on the minerals occurring in the neighborhood of Baltimore.
18 pp. Baltimore, 1887.

1888

Boprisu, D. H. On the new Topographical Map of Baltimore and vicinity.
Johns Hopkins Univ. Cire. No. 65, vol. vii, 1888, p. 72.
RirpeY, Jos. Index Map of Baltimore. New York 1888.
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UnLer, P. R. The Albirupean Formation and its nearest relatives in Mary-
land. Proc. Amer. Phil. Soc., vol. xxv, 1888, pp. 42-53..
Reply by H. Carville Lewis, pp. 53-54; A. Heilprin, p. 54.

WiLLiams, GEORGE H. Geology of the Baltimore Region.
Johns Hopkins Univ. Cire. No. 65, vol. vii, 1888, p. 73.

Progress of Work on the Archean Geology of Maryland. Johns
Hopkins Univ. Cire. No. 65, vii, 1888, pp. 61-63.

1889

FonTAINE, W. M. Potomac or Younger Mesozoic Flora.

Mono. U. 8. Geol. Survey No. 15, 1889, 377 pp., 180 pls.

House Misc. Doc., 50th Cong. 2d sess., vol. xvii, No. 147,

(Rev.) Amer. Jour. Sci. 3d ser., vol. xxxix, 1890, p. 520 (L. F. W.).

MerriLy, G. P. The Collection of Building and Ornamental Stones in the
U. S. National Museum.

Smithsonian Rept., 1886, pt. ii, 1889, pp. 277-648, pl. 1-9.

WirLiams, GEorRGE H. Contributions to the Mineralogy of Maryland.
Johns Hopkins Univ. Cire. No. 75, vol. viii, 1889, pp. 99-100.

1890
CuEsTER, F. D. The Gabbros and Associated Rocks in Delaware.
Bull. U. 8. Geol. Surv. No. 59, Washington, 1890.
House Misc. Doc., 51st Cong., st sess., vol. xxxii, No. 244.
(Abst.) Amer. Nat., vol. xxv, p. 1002.
FranerTY, W. T. Map of Canton with Adjoining Portion of Baltimore city.
Drawn by W. T. Flaherty.

Hopss, W. H. On some metamorphosed eruptives in the crystalline rocks of
Maryland.

Trans. Wis. Acad. Sci., vol. viii, 1890, pp. 156-160.

Unier, P. R. Notes on Maryland.

Macfarlane’s An American Geol. R. R. Guide, 2nd edit., Appleton, 1890.

WirLiams, G. H. Geology of the vicinity of Baltimore.
Macfarlane’s Geol. R. R. Guide, 2d edit., pp. 334-335.

———— Administrative Report. The work in the crystalline rocks of
Maryland.
10th Rept. U. 8. Geol. Survey, 1888-89, pt. i, Washington, 1890, pp. 152-154.
(Abst.) idem, pp. 31-32.

The Non-feldspathic Intrusive Rocks of Maryland and the cause

of their Alteration.
Amer. Geol., vol. vi, 1890, pp. 35-49.

1891

Davis, W. M. The Geological Dates of Origin of Certain Topographic Forms
on the Atlantic Slope of the United States.

Bull. Geol. Soc. Amer., vol. ii, 1891, pp. 541-542, 545-586.

(Abst.) Amer. Geol., vol. viii, 1891, p. 260.




50 PraysicaL FEATURES OF BALTIMORE COUNTY

DuxvNineroN, F. P. Distribution of Titanic Oxide upon the Surface of the
Earth.
Amer. Jour. Sci., 3d ser., vol. xlii, 1891, pp. 491-495.
McGeE, W J The Lafayette Formation.
12th Ann. Rept. U. S. Geol. Survey, 1890-91, Washington, 1891, pp. 347-521.
MerriLL, G. P. Stones for Building and Decoration. 8vo. 453 pp. Wiley,
1891.
Wirtnians, G. H.  Administrative Report. Report of Work done on the Pied-
mont Crystallines.
In McGee’s Administrative Report.
11th Ann. Rept. U. S. Surv., 1889-90, pt. i, Washington, 1891, pp. 66-6S.
Administrative Reports. Report of work donc on the crystalline
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THE PEYSIOGRAPHY OF BALTIMORE COUNTY

BY

ELEANORA BLISS KNOPF

INTRODUCTORY

Physiography is the branch of geology that deals with the surface
features of the earth, their modes of origin, and their change in form.
Of course the surface features of a landscape are more or less obvious to
even the most casual observer, who will recognize easily that there is a
difference between the rugged and wooded gorge of the Patapsco and
the smooth, rolling meadows of the Greenspring Valley. But it is
extremely doubtful whether the average person who crosses the Patapsco
River at Ellicott City in the course of a journey between Baltimore and
Washington will ever inquire the reason of this difference between the
valley of the Patapsco and the Greenspring Valley. Nor even will it
occur to those who travel one day over the Frederick Highway, the
next over the Washington Boulevard, to wonder why the Patapsco
between Ellicott City and Relay should be swift and in places a turbulent
stream, while south of Relay it wanders quietly across flat meadows to
the Bay. To those who do puzzle over the question there doubtless
arises the simple answer that there is a steeper fall in the river gradient
between Ellicott City and Relay than between Relay and the Bay.
Some few minds more inquiring than others may then wonder “Why this
abrupt difference in fall in different portions of the river channel?”’

To such questions as these physiography strives to give an answer
and this chapter on the physiography of Baltimore County proposes
to give some idea of the origin and evolution of the topographic features
of the county. .

GEeoGraprHIC LocaTioN oF BALTIMORE COUNTY

Baltimore County lies between meridians 76°20’ and 76°53’ west
longitude and occupies a position in the northern centre of the pan
58
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shaped portion of the state of Maryland. It forms a part of the upper
side of the pan and extends from the Mason and Dixon line, or the
Pennsylvania-Maryland boundary, southward through the eity of
Baltimore, which lies between 39°23" and 39°12’ north latitude. The
eastern boundary of the county follows the ehannel of Little Gun-
powder River from its entrance to the Gunpowder estuary northward
to within seven and a half miles of the Mason and Dixon line. - The
southern and western boundary of the County to within seventeen
miles of the Mason and Dixon line is similarly outlined by the ecourse
of Patapseo River and North Branch of Patapseo River. Thus
the eounty is bounded mainly by natural lines of drainage. A large
part of the southern third of Baltimore County is oceupied by the eity
of Baltimore, situated at the head of the Patapseo estuary, whieh is an
arm of Chesapeake Bay. The total area of Baltimore County is
approximately 750 square miles.

PrysioGcrapriic PROVINCES OF MARYLAND

A glance at Fig. 6 will show the physiographie provinees into whieh
Maryland is divided. The Coastal Plain Provinee, underlain by
unconsolidated formations, eomprises 8240 square miles in the south-
eastern part of the state. The Piedmont Provinee whieh is made up of
the Piedmont upland and the Triassie lowland, eomprises about 1850
square miles, and the Appalaehian Valley and Appalachian Plateau
together with the Blue Ridge (Appalachian Mountains) eomprises 1800
square miles.

Baltimore County lies in both the Coastal Plain and the Piedmont
" Province. About 235 square miles, or a little less than one-third of the
total area of the eounty, lies in the Coastal Plain, whieh is made up of
gravel, sand, elay and marl of Mesozoie, Tertiary, and Quaternary ages.
The remaining two-thirds of the eounty situated in the Piedmont
upland is underlain by hard roek of pre-Cambrian age, whieh, in the
elimate of Maryland, weathers readily to a deep soil. Therefore out-
erops of undecomposed rock are scareely ever seen on the relatively
flat uplands and must be sought in stream valleys, quarries, and road
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cuts. The Coastal Plain formations overlie the hard rocks of the
Picdmont Province with a gentle inelination towards the southeast, so
that in the extreme southeastern part of Baltimore County, ncar
Sparrows Point, the base of the Coastal Plain is more than 600 feet
below sca level. A large part of the city of Baltimore south of North
Avenuc is covered by Cretaceous and Pleistoeene gravel, sand, and
clay under which the hard rock basement appears in the valleys of
Jones Falls and Gwynns Falls where the streams have removed the
unconsolidated cover and eut into the hard rock below.

APPALACHIAN _ HIGHLANDS

Fic. 6.—Map showing the physiographic provinces of Maryland and their
subdivisions.

In that part of the channels where the streams have cut down into the
basement rock they flow over falls and rapids in turbulent courses, but
where the channels are eut in the Coastal Plain deposits they flow
quietly seaward along a gentle and uniform gradient. The prevalence
of falls in the roeky ehannels has led to the use of the term ‘fall-line’” to
denote the boundary between the Coastal Plain and the Piedmont
Provinec. “Fall-line,” however, is a somewhat misleading expression
for two reasons. In the first place the boundary between the two
provinees is not a sharp line but is rather a zone of eonsiderable width
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in which the uplands are covered by Coastal Plain sediments while
the stream ehannels are in the hard Piedmont roeks. In the second
place the falls are not eonfined to the boundary zone but, in many
channels, extend upstream for a distance of 15 to 20 miles from the inland
edge of the Coastal Plain.

TorOGRAPHIC FEATURES OF THE COASTAL PLAIN IN BaLTiMORE COUNTY

The shape of a landseape in the temperate and humid elimate of the
Eastern Atlantie Coast is ehiefly controlled by the seulpturing agency
of stream erosion, modified to a eonsiderable extent by the weathering
ageney of the atmosphere.

Streams, working backward from mouth to source, continually eut
away the land that lies along their channel, thus slowly wearing down
the average eclevation of the eountry and redueing the relief of the
landscape. But the behavior of streams is very different in soft material
from what it is in hard roek, owing to the obvious fact that in eutting
away resistant roek the stream has mueh more work to do than in
disseeting and removing loose deposits of unconsolidated sands, elays
and gravels.

Therefore in the Coastal Plain the soft eharacter and nearly horizontal
attitude of the beds is a controlling faetor in the topography, whieh is
in general one of gently rolling plains, fairly well diversified by rather
shallow and open valleys.

A large part of the Coastal Plain of Baltimore County eonsists of the
so-ealled “neeks,” sueh as Gunpowder neek, Middle River neek, Baek
River neck and Patapseo neek. These necks are low-lying sand and
gravel-covered peninsulas, having a maximum elevation of about 20
feet above sea level. Viewed as a whole, they present the aspeet of a
single uniform terrace plain that slopes gently towards Chesapeake
Bay. The eontinuity of the plain is broken by the estuarine outlets
of Patapsco River, Back, Middle, and Gunpowder Rivers. The heads
of these estuaries are surrounded by a cliff 60 to 80 feet high, whieh is
notehed by the rivers where their estuarine ehannels are eonstrieted by
their passage into more eonfined valley walls.
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Above this searp, nearly flat-topped hills rise to a gencral clevation of
about 100 feet above sea level. These flat-topped hills are separated by
small, rather narrow stcep-sided valleys; and if these valleys could be
filled up to the level of the surrounding hills the resultant surface would
be a slightly undulating plain ranging from 80 to 100 feet in elevation.
The surfaee thus restored would form a bayward-facing terraece extend-
ing through the eentral and southern part of Baltimore and northeast-
ward from the eity to Bradshaw on Little Gunpowder Falls. The
average width of the terraee is two miles. Its inland border is followed
by the Baltimore and Ohio Railroad between Baltimore and Bradshaw,
and marks approximately the inland limit of the Coastal Plain topog-
raphy. Still farther inland the somewhat monotonous aspect of the
Coastal Plain topography changes into the more diversified landseape
of the Piedmont Province.

ToroGRAPHIC FEATURES OF THE PIEDMONT PROVINCE IN BALTIMORE
County

MEADOW LOWLANDS

Just as in the Coastal Plain the dominant faetor in topography is
stream action so in the Piedmont Provinee streams are ceaselessly
operating to wear away and alter the eonfiguration of the landseape.
But in the loose unconsolidated materials of the Coastal Plain streams
cut their ehanncls everywhere with practically the same degree of ease,
whereas in hard roek they operate very differently in different kinds of
roek. Marble, for example, is made up of eonstituents that are more
readily dissolved by water under the influence of the atmosphere than
are the constituents of schists, granites, or quartzites. Thus marble
yields comparatively readily to the modifying influence of stream erosion
because streams working in marble have a high solvent action in contrast
to streams working in rocks that are only slightly suseceptible to the
solvent aetion of water. This is the explanation of the relatively gentle
topography of the wide meadow land underlain by Cockeysville marble,
such as the Greenspring and Worthington Valleys, Cockeysville and
Dulancy Valleys.
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SUMMIT UPLANDS

The lowlands are separated by upland areas that rise from two to three
hundred feet above the level of the valley floors. The slope that
separates the upland summit from the lowland is fairly abrupt and in
places wooded and somewhat rugged, in distinet eontrast to the gentle
interstream slopes of the lowland. Surprisingly enough, however, there
is no marked eontrast between the appearanee of the upland summit
itself and the topography of the valley floor. Onee out of the valley
and up the slightly rugged slope we find ourselves again in a rolling
country of eultivated ficlds and prosperous farms strikingly like the
well-ordered aspeet of the meadow land below.

This pleasant upland ecountry is traversed by the Sweet Air Road,
0ld York and Whitehall Roads in the eastern part of the eounty, and
by the Falls and Dover Roads and the Reisterstown ‘“‘turnpike’ in the
eentral and western parts of the eounty.

STREAM GORGES

Very different from these well-eultivated uplands and lowlands are
the wooded, steep-sided and often narrow gorges of many streams, such
as the Gunpowder Valley, north of Phoenix and south of Loeh Raven,
and the Patapseo Valley between Relay and Glen Falls. For fairly
long stretches these valleys are so rugged that they have been shunned
alike by houses and highroads, and few travellers aeross the Patapseo
bridge at North Branch realize that five minutes walk either north or
south from the often erowded Liberty Road would lead them through
a wild and lonely gorge that is in places traversed with diffieulty even on
foot. Certain parts of the narrow winding valleys are oeeupied by
railroads built there beeause the relatively low gradient furnished by
the stream was sufficient to counterbalanee the expense of bridges and
tunnels neeessitated by the narrow valley and steep valley walls.

CAUSE oF THE ToPOGRAPHIC DIFFERENCE

What is the cause of these three fundamental topographie differenees
between the gently rolling uplands, the narrow steep-walled valleys
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and the wide meadow lowlands of Baltimore County? As has been scen
the lowlands are underlain by limestone, which has a relatively high
solubility as eomparcd with the resistant roeks of the upland. But the
eontrast between the rolling upland summit and the wooded narrow
valleys is not eaused by differences in roek beeause the stream channels
are cut in the same sehists and gneisses that produce on weathering the
deep upland soil. It is true that there is a certain differenee in topog-
raphic aspect between diffcrent parts of the upland summits in response
to a differcnee in underlying rock. The desolation of the serpentine
barrens around Soldiers Delight, with its roeky soil and stunted vegeta-
tion of eedar and meagre grass, eontrasts markedly with the rich corn
and wheat fields and wide-spreading oaks of Hereford and Verona, where
the fertile soil is derived from sehists and gneisses. But why is the
upland eountry, viewed from any one of its wide, comparatively flat-
topped summits so gentle in topography and so like the meadow low-
lands while the intervening slopes and steep stream valleys are rugged
by contrast? The answer to this question is found in the modus operands
of stream and wave work,—what is ealled by physiographers, the normal
erosion cyecle.

ProGREss or THE NORMAL ErosioN CycLE

Whenever any part of the earth’s surfaee beeomes elevated above sea
level it is at onee attacked by the eroding agency of water. Rainfall is
eoneentrated in local depressions, whieh speedily beeome the eourses of
intermittent streams dry between rains. Such a loeal depression or
gully deepens into a ravine that becomes a permanent stream valley as
soon as the bottom of the ravine is eut to the level of ground water,
below whieh the ground is always saturated.

These newly formed permanent streams are usually swift beeause the
initial slope of such a land surfaee is considerable. Hastening down
slope towards the level of the ocean a young stream cxtends its valley
both up and down stream until finally various valleys formed at differ-
ent heights along the slope mect and coalesce into one eontinuous
stream extending from the higher levels of the uplifted area to sea
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level. As the streams flow seaward they eontinually tear away their
valley walls while the ehannel sinks. In time the valley beeomes so
deep that the gradient of the strcam is pereeptibly lessened. The
veloeity is thereby redueed and the stream itself is easily diverted from
a straight eourse, impinging now on one side, now on the other side
of its valley as the impaet against the valley walls swings the slackened
current sidewise. The stream thus bumps its way, as it were, from side
to side widening instead of deepening its valley. As a result of this

sideward swinging the stream in time assumes a twisting or meandering
course. The deerease in veloeity lessens not only the eutting foree of
the stream but also its transporting power and some of the debris torn
loose by the earlier downeutting is now deposited at intervals along the
banks, forming local flood plains.

Fia. 7.—Diagram showing successive stages in the reduction of a youthful
topography to a peneplain (1, 2, youth; 3, 4, maturity; 5, old age).

In the early stages of stream erosion downward eutting predominates
and the stream is said to be degrading its bed; the wide interstream
areas meanwhile are searcely attacked. In eonformity with the expres-
sive nomenelature of Davis the stream at this time is said to be in its
“youth” and the comparatively smooth and flat interstream area is
termed “‘youthful.” As downward eutting progressively lowers the
bed of the stream the velocity is lessened and finally there eomes a time
when the stream ean only transport its load and has no energy left to
degrade its bed. It is then ecalled ‘“‘graded.”

Later stages of erosion result in the widening and loeal filling up or
aggradation of the valley bottom in the main strcam aecompanied by
the development of numerous ramifying tributaries. The interstream
areas are gradually worn away by the widening of the valleys and by
the disseetion of the numerous tributaries thus becoming lower and
lower. The topography of the region as a whole is now said to be
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“mature”’ although the constant formation of new tributaries continu-
ally adds some youthful features to what may be considered in its
entircty a mature drainage system. In the final stage of erosion termed
“old age” the interstream areas have been worn down to such an extent
that the rivers are winding slowly in wide and shallow valleys across a
nearly flat and featureless surface of low relief known as a peneplain.
Thus the normal erosion cyele is interpreted in terms of youth, maturity,
and old age.

CHARACTERISTIC TOPOGRAPHY AT VARIOUS STAGES OF THE EROSION
CYCLE

Each stage of the cycle is marked by a characteristic appearance of
the valley and interstream topography. Cross sections through valley
and upland at several stages of erosion are shown in Fig. 7. In youth
the valleys arc steep-sided, narrow-bottomed and V-shaped in cross
section; later they become wider at the base, U-shaped in cross section,
and the divides begin to be consumed, while in old age the divides have
been so far reduced that the interstream upland is obliterated. Fig. 7
shows that in the normal progress of erosion the relatively smooth and
flat surface of the interstream upland (Fig. 7. 1, 2) is worn back from the
stream valleys until the divide changes from a wide, flat summit to a
sharp-crested ridge (Fig. 7. 3, 4). Later on the interstream arcas
become perceptibly lowered and once more softened because the sharp
crest is worn down to a comparatively smooth surface at a lower elevation
than the original upland (Fig. 7. 5).

This reduction is attained first near sealevel because after a permanent
stream is onee established it lengthens its course headward and is thus
generally youthful at its souree while near the mouth it is old. This
is one of the reasons why Passarge and various other German physiog-
raphers have attaeked the Davis nomenclature of crosion eycles on
the ground of inconsistency. Nevertheless although all streams, even

when commencing the work of dissecting a newly formed upland, are
old near the mouth while youthful ncar the source, the definition of such
a stream as youthful is amply justified by current usage and is no more
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likely to eause misunderstanding than would the eharacterization of
the Plymouth settlement of 1620 as a young colony despite the fact
that its members ranged in age from infants to greybeards. The
terminology of the erosion eyele is a eonvenient means of reference
to stage of development not to time, and the interpretation of phys-
iographic history rests upon a proper understanding of the interrelation
of various stages of development of crosion in a given arca. By plot-
ting the cross profiles of the major streams of an area with their trib-
utaries and their divides we can get a pretty clear idea of what stage
of erosion has been reached in different parts of the area.
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Frc. 8.—Cross profile through the interstream area between Little Falls and
Piney Run (generalized).

TOPOGRAPHIC ANOMALY IN BALTIMORE COUNTY

Fig. 8 shows that a cross scetion through the upland topography of
the Piedmont Province in Baltimore County is not represented by any
of the typical eross seetions in Fig. 7. The valleys of Little Falls,
Blackrock Run, and Piney Run are characteristic youthful valleys,
steepsided and narrow-bottomed, but they are sunk into a typically
mature, interstream topography, which has been reduced below the
clevation of the divide for some distance on both sides of the main
streams and has been thoroughly dissceted by many tributaries. For
simplification the tributary valleys are omitted in the profile and
represented by dotted lines. The full black lines in the diagram repre-
sent the only undissected part of the area that is traversed by the section.
Such a topography is in reality a topographie anomaly.
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REJUVENATION AND SUCCESSIVE PENEPLANATIONS

These topographically anomalous youthful streams trenched in
mature uplands are the result of an interruption to the normal progress
of the erosion cycle, known as rejuvenation. Rejuvenation means that
at some stage in the reduction of an area after the streams have ceased
to deepen their valleys and have begun to widen their courses by lateral
swinging an increasec in gradient has quickened their down-cutting
activity, thus causing them to trench their channels into the mature or
old surface that had been formed previous to the quickening. The
wide valley bottoms of the old or mature valley are notched by the
incised streams and remain as ‘‘shoulders” above the cntrenched
narrow gorges. Such composite valley slopes called by Matthes! “two-
story’”’ or “three-story”’ valleys are well shown in the cross section of
Falls Run and Blackrock Run. Fig. 8.

Rejuvenation in the topography of the Eastern Atlantic slope was
first recognized many years ago by Davis? who explained the remarkable
flat-topped ridges of Blue Mountain in Pennsylvania and of the New
Jersey Highlands as remnants of a former peneplain that had been cut
across the tilted cdges of the closely folded rocks. An upward move-
ment then produced a widespread quickening and down-cutting of the
streams, so that the old pencplain became once more a prey to the
irresistible wearing down of the revivified streams.

GEOLOGIC AGE OF UPLIFTED AND DISSECTED PENEPLAINS

At the time of its formation the subaerial peneplain passed under
water at its seaward margin and was covered by marine deposits derived
from the worn down land surface. The time when the subaerial plain
was formed is thus fixed by the age of these marine deposits. Davis,
who recognized in the topography of Pennsylvania the operation of two
erosion cycles that ante-date the present cycle, called the age of the
first-formed, or Schooley, peneplain Cretaccous, because he considered

t Matthes, F. E., U. 8. Geological Survey, Yosemite Valley, map, 1922,
2 Davis, W. M., The Rivers and valleys of Pennsylvania. Nat. Geog. Mag.
Vol. I, pp. 183-253, 1889.
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that the seaward extension of this peneplain passed downward under
the Cretaeeous sediments of the Coastal Plain. Remnants of the
so-ealled Cretaeeous peneplain are now preserved on the hard roek of
the flat-topped mountain summits in the Appalaehian Ridges; and the
younger, partial peneplain that is eonfined to the relatively weak roeks
of the valley was interpreted by Davis as Tertiary.? In 1903 Campbell*
reeognized also remnants of a third peneplaned surfaee preserved
in the shale foothills of Blue Mountain. This surfaee, ealled the
Harrisburg, was eonsidered to be early Tertiary beeause of its inter-
mediate position above the Tertiary and below the Cretaeeous peneplain
of Davis. The so-ealled Tertiary erosion surfaees were spoken of by
many physiographers in a somewhat indefinite way as “merging”’ with
the Cretaeeous peneplain near the Coastal Plain border. The steep
lower gorges of the Piedmont streams entrenched in the disseeted flat-
topped uplands were explained as the results of rejuvenation by reeur-
rent uplifts that brought above sea level the marginal seaward-faeing
Pleistoeene terraees of the Coastal Plain.

CORRELATION OF RESIDUALS OF EROSION

As soon as several uplifted and disseeted peneplains are reeognized
over a wide area the question arises “how may isolated remnants of onee
eontinuous erosion surfaees be eorrelated?”’ Of eourse the only remnant
of former surfaees whose age is absolutely known is the buried surfaece
that is overlain by sediments of known age. It is unsafe to say that
any subaerial surfaee is the eontinuation of a buried plane without a
eareful study of the interseetion of the two surfaees, beeause in order
to make a eorrelation it must be proved that the existing subaerial
surfaee does aetually slope downward under the sedimentary eover.

StupY OF DISSECTED SURFACES

The most satisfaetory way to study this relation is by the eonstruetion
to seale of seetions or eross profiles through the surfaee of the eountry
3 Davis, W. M., loc. cit.

4 Campbell, M. R., Geographic Development of Northern Pennsylvania and
Southern New York, Geol. Soc. Am. Bull., vol. XIV, pp. 282-283, 1903.
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in a direetion at right angles to the trend of the sea coast. On these
profiles the underlying rocks are platted and thus from the slope of the
base of a given bed, for example the Cretaeeous, we ean reeognize the
present slope of the buried Cretaeeous erosion surfaece. But a single
profile is too subjeetive in its selection to be a reliable basis for deduction
and in order to really gain any elear idea of the interrelation of stream
valleys and flat-topped interstream areas it is desirable to reeonstruet
as nearly as possible good topographie maps in terms of three dimensions.
This ean be donc by the construetion of projected profiles eovering a
belt of eountry suffieiently wide for the baekground to integrate the
inequalities in the foreground that are caused by the disseetion of the
upland surfaee. For a detailed deseription of the method of eonstruet-
ing these profiles the rcader is referred to the work of Barrell.s

PROJECTED PROFILES

In the present study of the physiography of Baltimore County a belt
of eountry 40 miles wide and 35 miles long was projected along a section
plane running N. 35°, 30" W. The area projeeted lies mainly between
the Patapseo and the Susquehanna Rivers and extends from sea-
level upward to Parr’s Ridge, whieh is the divide between streams
flowing direetly into Chesapeake Bay and streams draining into Chesa-
peake Bay through the Potomac River. The foreground of the pro-
jeetion, whieh runs through Ellicott City and approximately parallel
to the winding course of Patapsco River, is eonstantly broken by
deep valleys and shows a relatively small amount of level-topped
upland. The sharp peaks that appear in the foreground of the drawing
are the projection of stream spurs between meanders of the Patapsco.
However, although the foreground is so much disseeted, such a projection
eovers a sufficiently wide arca to give a reasonably well integrated sky
line in a direction that is approximately perpendicular to the north-
eastward trending ridges. The highest surfaee, which reaches approxi-
mately 900 feet in Parrs Ridge, swings southward on the east side of

§ Barrell, Joseph, The Piedmont terraces of the northern Appalachians. Am.
Jour. Sei., vol. XLIX, pp. 241-245, 1920.
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the Susquchanna River, so that the highest summits that are visible
in the planc of the projeetion east of the Susquchanna River for a dis-
tanec of 25 to 30 miles have been introduced into the background by
dotted lines in order to properly fill out the projection. The reader
is advised to eompare this projeeted profile with one covering the same
area that was constructed by Barrell® and with an adjoining projection
along the same scction plane in Pennsylvania that was constructed by
the author.” It should be borne in mind that the vertical exaggeration
in these profiles has to be large in order to bring out the topographic
structure in a wide area of sueh low relief as the Piedmont Province.
The projection shows clearly that the surface slope from the highest
summits of Parr’s Ridge to the level of Cretaceous sediments at 480 to
500 feet elevation near Towson is not the uniform gentle scaward slope
that would be required to bring the Parr’s Ridge surface underneath
the Cretaceous sediments near Baltimore. The topography is in
reality made up of dissected terrace-like surfaces. In each of these
surfaces the flat-topped hills rise to accordant elevations that show a
very gentle scaward slope. After maintaining this nearly uniform
elevation for several miles inland each surface rises more or less abruptly
to the next higher level. Thus the interstream area as far inland as
Parrs Ridge can be resolved into a flight of stepped terrace-like surfaces
sloping gently scaward, which are cut across crystalline schists of
approximately uniform resistance to erosion. These steps are not
straight in their linear extent as is a flight of stairs, but each successive
terrace wraps around the dissected edges of the next higher, thercby
extending headward up the major stream valleys in a system of benches
or disseeted spurs that rise to accordant elevations above the present
river level. The present stream gradient is steeper than the very gentle
scaward inclination of these benehes so that in any individual system
their elevation above the river becomes less on going upstrcam. Just
as the interstream terraces rise to suceessively higher levels so the bench

¢ Barrell, Joseph, The Piedmont terraces of the northern Appalachians. Am.
Jour. Sci., vol. XLIX, pl. 6, p. 428, 1920.

" Knopf, E. B., Correlation of residual erosion surfaces in the Eastern Ap-
palachians Highlands. Geol. Soc. Am. Bull. vol. XVI, p. 641, 1924,
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that is eontinuous with any terraee eomes eloser to the river level and
beeomes less well-marked upstream until it finally disappears and is
replaced by the next higher beneh eontinuous with the next higher
terrace. See Plate II, whieh is a bloek diagram of an area in north-
eastern Maryland and southeastern Pennsylvania. The U. 8. Geo-
logieal Survey topographie quadrangles from whieh this bloek diagram
was made are shown in the index map. The general features of the
bedroek geology are indieated by the pattern on the side of the bloek,
thereby elearly showing the lack of control of topographie surface by
the differential hardness of the underlying roek.

MAPS

By outlining and eoloring the flat-topped interstream areas on good
topographie maps on a seale of 1:62,500 these terraee-like surfaees are
easily reeognized, as well as the upstream reéntrants in the terrace
platforms. See Plate III. It is evident that the terraee fronts are not
eontinuous searps, beeause they have been breaehed for wide distances
by streams that are eating back into the flat surfaees on both sides of
the valleys. Naturally therefore the terrace surfaces themselves are
least redueed along the interstream summits and should be most readily
reeognized on the profiles of stream divides.

DIVIDE PROFILES

Plate I, Fig. 1, shows the profile of the divide between the Patapseo
River and the Gunpowder River earried to sea level along Patapsco

Neek. The divide enters Baltimore County one mile north of Areadia
on a level stretch at an altitude of approximately 800 feet. Then it

drops 100 feet to an almost flat surface that extends through Woodens-
burg and Glyndon. At this point the divide splits and forms the water
sheds between Gwynns Falls and the Gunpowder on one hand and
Gwynns Falls and the Patapseo on the other hand. The Gwynns Falls-
Gunpowder divide is shown by a solid line on the divide profile, the
Gwynns Falls-Gunpowder divide is a broken line. The total extent
of this 700 foot surface i§ about 10 miles. Another drop of 80 to 100
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feet reaches a streteh on the Gunpowder-Gwynns Falls divide that is
level for 6 miles, passing through Cronhardt. Then the level of the
upland at 600 feet sinks abruptly to 400 feet in the lowland of the
Cockeysville and Greenspring Valleys near Lutherville. The abrupt
slope is broken by a shoulder at 540 feet and the level of the shoulder
reappears slightly lower at 500 feet south of the Coekeysville lowland
on the quartzite of Setters Ridge near Towson. South of Towson and
north of Baltimore the terraee-like surface between 450 and 500 feet
sinks through nearly 200 feet and then passes down through 6 eompara-
tively narrow steps to sea level at Grange. On the western fork of the
divide, whieh forms the water shed between Gwynns I'alls and the
Patapseo, the surface at about 600 feet extends through Randallstown
and Harrisonville, then drops to a flat surfaee at about 500 feet around
Hebbville. This surface extends as far south as Catonsville and falls
through six lower terraees to sea level. A generalization of the divide
profile on a redueed seale is shown on one eorner of the full-sized profile
(Plate I) and the terraee levels are there numbered from 1 to 12.
Corresponding numbers indieate the eorresponding surfaees on the
generalized profile on reduced scale that is ineluded in the projeeted
profiles of the area (Plate I).

CORRELATION OF BURIED PENEPLAINS AND SUBAERIAL SURFACES

In these generalized profiles in whieh the vertieal exaggeration has
been redueed from 26 to 17 it is elear that the terraces show gentle
gradients that nowhere exeeed 6 feet per mile and rarely exeeed 2 or 3
feet per mile. On the other hand the slope between the summit of
Parr’s Ridge at 1000 feet and the level of the Cretaceous sediments
near Towson at 520 feet is at least 16 to 20 feet per mile, whereas the
slope of the sub-Cretaeeous surface between Baltimore and Sparrows
Point is 75 feet and between Towson and Baltimore is 83 feet per mile.
This diserepaney between the slope of the buried Cretaeeous surfaee
and the slope of the existent subaerial terraees makes the eorrelation
of the buried and subaerial surface highly questionable, to say the least.
The subaerial surfaces at altitudes between 520 and 450 feet near
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Catonsville and Towson in Baltimore County and near Woodlawn in
Cecil County are associated with Cretaceous deposits and also with
gravels of probable Pliocene age. But these surfaces clearly truncate
the base of the gravels. There seems no escape from the eonelusion
that the surfaces are younger than the sediments with which they are
assoeiated; and thus it is futile to attempt to eorrelate erosion surfaces
by reference to a Cretaceous datum plane.

Having becen forced to let go of one end of the problem, the next step
would scem to be an attack from the other end,—that is to concentrate
on the study of present erosion cyeles and to work baekward to the
interpretation of sueeessively older eyeles or partial eyeles. This method
is more satisfaetory because naturally the most recent records are the
easiest to deeipher. In the relatively undissected lower terraces of
Pleistoeenc age it is a somewhat easier matter to trace the relationship
between the uplifted wave-cut platform and the fluvial terraee, and to
interpret the evidenee of uplift and subsidenee.

Co0ASTAL PrLAIN TERRACES OF PLEISTOCENE AGE

Along the southern Atlantie coast there have been recognized alto-
gether six differcnt terraces, which stand at successively lower levels
below the surfaces that are generally believed to be Pliocene. Five
of these terraecs rise above sca level and the lowest terrace is the recent
submarine platform now being built along the eoast line and along the
shore of the estuaries. Until now only three terraces have been recog-
nized in Maryland above the reeent. These are known, from the lowest
to the highest, as the Talbot, Wicomico, and Sunderland terraces.

TALBOT TERRACE

In North Carolina, Stephenson® has recognized the Pamlico terrace
at an altitude of 20 feet and the Chowan at an altitude of 40 to 50 feet.
In addition Wentworth has recognized in Virginia a still lower terrace at
about 10 feet above sea level, which he ealls the Mathews.® In Mary-

8 Stephenson, L. W. and others. The Stratigraphy of the Coastal Plain of
North Carolina. North Carolina Geol. and Econ. Survey, vol. ITI, p. 287, 1912.

» Wentworth, C. K., Geology and sand and gravel resources in the Coastal
Plain of Virginia. (In press).
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land the Talbot terrace has been deseribed as lying in general at eleva-
tions of 40 to 45 feet,!® exeept in southern St. Mary’s County, where it
gradually deelines southeastward to about 10 feet near Point Lookout,
a seaward slope of % foot per mile. Around the estuary of Baltimore
harbor there is a smooth, almost undisseeted gravel-eovered surfaee at
20 feet above sea level. Similar almost unmodified plains rise to the
same elevation in Patapseo, Baek, and Middle River neeks. Between
Bush River and Havre de Graee the plain rises to 40 feet, whieh is the
general level of the surfaee eovered by gravels that have been mapped
as Talbot. Along the west shore of Delaware Bay the general level of
the Talbot falls again to 20 feet. If this diserepaney in level of the
Talbot surface were eaused by warping it should show also in the higher
terraces, whieh is not the ease. It seems probable therefore that further

work in Maryland may show that the non-reeognition of some of the
three lowermost terraees that have been reeognized farther south is

partly beeause they have been eroded around the head of Chesapeake
Bay and partly beeause they have been overlooked.

The presence of Talbot gravels in the lower part of the valleys of
Herring Run, Bread and Cheese Run and Redhouse Run shows that the
smaller stream channels as far as the present 40-foot eontour were sub-
merged during Talbot time.

WICOMICO TERRACE

The next higher terraee, known as the Wieomieo, maintains a general
elevation between 60 and 100 feet throughout the southwestern, eentral,
and eastern part of Baltimore City and along the line of the Baltimore
and Ohio Railroad northeast of Baltimore. It extends northeastward
to the mouth of the Susquehanna at about the same elevation and is
plainly developed at 100 feet near Aiken, one mile north of Perryville.
It is probable that the Wieomico marine platform was elevated and
dissected by streams before the Talbot submergenee. This is suggested
by the partial seouring out of the Wieomieo gravel reéntrants in the

10 Shattuck, G. B., The Pliocene and Pleistocene deposits of Maryland. Mary-
land Geol. Survey, p. 74, 1906.
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streams of Harford and Cecil counties, and also by the presence of
truncated cypress stumps in peat beds belonging to the Wicomico
formation. However such truncation does take place in trees that arc
below sea level as in the cypress swamps of the Gulf States where the
part of the tree that is above water rots off while the trunk below water
remains standing. The Talbot gravel lies in apparent unconformity
on the peat beds. Thus as a result of pre-Talbot stream erosion and the
wave action of the Talbot sea most of the Wicomico deposits have been
removed in Baltimore County.

UPPER AND LOWER SUNDERLAND TERRACES

Above the 100-foot terrace lies a considerably broken surface, ranging
from 2 to 3 miles in width. This surface maintains an average elevation
of about 200 feet, although in several places it seems to be reduced over a
considerable extent to 160 feet. Upon this terrace stand the buildings
of Johns Hopkins University at Homewood and the same surface is
found in Clifton Park. The Belair road runs across the dissected
spurs of this terrace as far as Putty Hill. In Cecil County north of
Perryville there is indication of a shore line at 160 feet above which a
narrow terrace level occupies elevations of 200 to 220 feet. This forms
a reéntrant for eight miles up the Susquehanna River in a well defined,
dissected bench at 220 feet. There is a possibility therefore that the
two terraces described by Stephenson!! in North Carolina as the Coharie
at 220 to 225 feet and the Sunderland at 140 to 160 feet may both be
represented in the Sunderland terrace of Maryland. The two levels

are mapped in Plate IIT and are shown in Fig. 8. Until more detailed
work is done on the relation of these two levels to the deposits of the

Sunderland age the terraces arc tentatively called the Upper and Lower

.

Sunderland respcctively.

AGE oF THE Co0ASTAL PLAIN TERRACES

The Pleistocene age of the Talbot and of the terraces in Virginia and
North Carolina that correspond to the Talbot is established by the

11 Stephenson, L. W, loc. cit.
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presenee of determinable fossils in the deposits that arc associated with
the terraces. These fossils are marine shells, vertebrate remains, and
plants and freshwater Unios that apparently lived in lagoons ponded
by the bars deposited aeross the mouth of the drowned streams. The
gravels eontain in many places large boulders believed to have been
transported by floating iee of glaeial origin. However the glacial
origin of these huge boulders has beeome somewhat problematical since
the reeent diseovery by Wentworth!? of similar boulders in the valleys
of the James and the Tennessee rivers, where they could scarcely have
been derived from glaeial iee. It can hardly be doubted that all this
material is iee borne, but it appears probable that seasonal river iee
may be a more important faetor in transportation than has been hitherto
realized.

Similar material oeeurs both in the Wicomico and in the Sunderland
gravels.  Recent work of Leverett'® has furnished eonfirmatory evidence
of the Pleistoeene age of the Wicomieo formation, whieh also supports
the theory of the glacial origin of the large boulders. Leverett has
identified a terminal moraine of the Illinoian iee sheet at the junetion
of North and West Braneh of the Susquehanna River in Pennsylvania.
From this point at 560 feet elevation he has traeed a valley train from
100 to 130 fcet above the present stream bed all the way to the head of
the Susquehanna gorge at Creswell, a few miles below Columbia, Pa.
Within the gorge remnants are very seanty, but such as oeeur seem to
support the interpretation of a continuation through the gorge at about
100 feet above the present river and into eonneetion with the Wicomico
terrace at the mouth of the river, at an altitude of 100 feet.

The correlation of Wieomieo marine deposits with a glaeial stage
scems at varianee with the elimatie cvidenee of the bald cypress remains
in the eelebrated swamp muek beds that were revealed a few years ago
by exeavations in the building of the Mayflower Hotel (Hotel Walker)
in Washington, D. C.* Sueh eypresses do not exist in the latitude of

12 Wentworth, C. W, loc. eit.

13 Personal communieation from Frank Leverett.

14 Wentworth, C. K., The Fossil Swamp Deposit at the Walker Hotel sitc.
Conneetieut Avenue and DeSales Street, Washington, D. C. Formation exposed
in the excavation. Wash, Ac. Sei. Journ., vol. XIV pp. 1-11, 1924,
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Washington today, so their presence is conclusive evidence that the
muekbeds were not deposited in a recent swamp. Moreover they
must have been formed in a warmer elimate than the present ratherthan
in the subglaeial climate that would be expeeted near the border of an
ice sheet. But herc, as in the few other localities where flora of a genial
climate has becn preserved in the lower terraces of the Coastal Plain
the plant remains oceur in peat and elay beds that underlie the main
gravel and sand deposits in such a position that they have been deseribed
as uneonformable both with the underlying and overlying material.
The plant remains may thus belong to an interglacial stage that was
followed by an advance of the continental ice. The glacio-fluvial streams
derived from the edge of this ice sheet would have brought down large
quantities of gravel and boulders, and deposited them on a marginal
terrace.

The Pleistocene age of the Sunderland has been inferred from a few
plant remains, and from the pronouneed uneonformity between the
Sunderland or lower formations and the so-called Lafayette or Brandy-
wine gravels that have been ealled Pliocene. As the age of the Brandy-
wine is not definitely known the latter argument has not yet much
weight. The Sunderland, like the younger formations, contains boul-
ders suggestive of glacial origin.

OriGIN oF THE CoasTAL PraIN TERRACES

These have been regarded by some writers as marine or estuarine
terraces eut during a submergence of the shore line followed by re-
emergence during which part of the reeently formed shore terrace was
removed by subaerial erosion. Repeated oscillations of sca level
produced the series of terraces now recognized. Other writers have
interpreted the terraee deposits as the flood plain deposits of large
rivers. Two facts, however, militate against this hypothesis of fluvial
origin. One is the absenee of topographic evidenee of any wide river
valley that might be associated with such a flood plain. The other is
the presenee of marine fossils in the terraee deposits. Moreover, the
marine origin of the terraces is strongly suggested by their parallelism
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to the present shoreline, their gentle seaward slope, and the eliff-like
searp that separates one terrace from another.

Reeent work in the Distriet of Columbia is beginning to suggest
that the surface of these terraces is not depositional at all.'® Keith
has found evidence of faulting in the terraces at Washington, D. C.
in such a position as to indicate that the surfaces have been eut
after the faulting, which has displaced the terrace deposits. This
faulting may be only loeal; nevertheless it has been traced far enough
to east some doubt upon the relations of the formations mapped as
Sunderland, Wieomico, and Talbot to the terraces that have been
identified with the terraee formations.

P1EDMONT TERRACES AND THEIR ASSOCIATED GRAVEL DEPOSITS

The Coastal Plain sediments that were first mapped as Lafayette
by Hilgard'® in Mississippi were later eorrelated with the formation that
had been called by MeGee'” in Virginia Appomattox and the name
Lafayctte was then applied to the whole formation. Isolated patehes
of gravels oceurring in widely seattered outliers upon the surfaee of the
Piedmont Provinee have been generally mapped as Lafayette and
considered to be Plioeene.

When Berry'® showed that the supposedly Pliocene Lafayette of
the southern states is really Eoeene, W. B. Clark!® proposed that the
Lafayette of Maryland, which uneonformably overlies the Tertiary and
Cretaceous deposits of the Coastal Plain, be ealled Brandywine from
a village in southern Maryland where the formation spreads out in a
level gravel plain at an elevation of about 240 feet. These gravels
appear to be continuous with ecoarse gravels suggestive of fluvial origin
that cap the hills east of the Anacostia River at Washington, D. C.

1 Oral communication from Arthur Keith.

18 Hilgard, E. W., Orange sand, Lagrange, and Appomattox. Am. Geol., vol.
VIII, p. 131, 1801,

17 McGee, W. J., Three formations of the Middle Atlantic slope (Potomac,
Appomattox, Columbia). Am. Jour. Sei. (3), vol. XXXV, pp. 328-330, 188S.

18 Berry, E. W., The age of the type exposurc of the Lafayctte formation.
Jour. of Geol., vol. XIX, pp. 249-256, 1911.

19 Clark, W. B., Brandywinc formation of the Middie Atlantic Coastal Plain.
Am. Jour. Sci., 4th ser., vol. XL, pp. 499-506, 1915.
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As defined by Clark the Brandywine formation oeeurs at elevations
ranging from 500 feet in the Piedmont Upland baek of the ‘“fall-line”
zone to 200 feet in the Coastal Plain of southern Maryland at Charlotte
Hall. But here as in the lower terraees later work has shown that this
surfaee, onee eonsidered to be eontinuous, is in reality made up of two
or more terraees of gentle slope. Therefore in 1920 it was suggested by
Baseom and Miller* that the Brandywine really represents two de-
posits, one a high-level gravel (Early Brandywine) at an elevation of
about 400 feet in the ‘“fall-line’”’ zone near Wilmington, and the other a
low-level gravel (Late Brandywine) sloping from 300 to 200 feet. It
now appears probable that the deposits eovered by this definition of
the Late Brandywine inelude not only the Brandywine of the type
loeality but also deposits that oeeur at a lower elevation farther inland
and must thus belong with the Sunderland.

It appears probable that the Early Brandywine also may inelude
deposits of more than one age. About 2 miles northeast of Catonsville
at Tenmile Hill on Edmondson Avenue there is a distinet beneh at
elevations of 400 feet and free from gravel. This beneh is 100 feet or
more lower than the surfaece at Catonsville, whieh is eovered with
gravel mapped as Brandywine. Similarly near Philadelphia there is a
400-foot terrace on the Piedmont roeks below a well defined surfaee
with an elevation slightly over 500 feet. But this 400-foot terraee
earries gravels originally called by Carvill Lewis the Bryn Mawr gravels,
a name that fortunately has been resuseitated by Baseom.* The
Bryn Mawr gravels are praetieally unrepresented within the Coastal
Plain, and beeause the Piedmont outliers of it are seattered and are of
such small extent it is difficult to determine the relation of the surfaee
with respeet to the gravels. In Pennsylvania the surfaee assoeiated
with the Bryn Mawr gravels appears to lie in the same relation to the
higher surface at about 500 feet as the terraee at Tenmile Hill near
Baltimore shows to the higher surface at Catonsville. Although the

20 Bascom, F., and Miller, B. L., Elkton-Wilmington Folio, U. S. Geol. Survey,
Geol. Atlas, Folio No. 211, p. 12, 1920.

2t Bascom, F., The resuscitation of the term Bryn Mawr gravel. U. S. Geol.
Survey, Prof. Paper 132, pp. 117-119, 1924.
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400-foot terrace at Edmondson Avenue earries no gravels the writer
has found scattered gravels upon a well-defined level surface at about
400 feet one half mile northeast of Franklin on the interstream surface
between Dead Run and Gwynns Falls. As there is no adequate basis
for correlating these gravels with the gravels at 520 feet at Catonsville
it is impossible to eorrelate positively the Bryn Mawr gravels with the
gravels at Catonsville. Moreover, as the evidenee indicates that the
surfaee at Catonsville is younger than the gravels at Catonsville and as
the surface near Bryn Mawr is still undetermined with respeet to the
gravels, it is hopeless to corrclate gravels and surfaee in any sedimentary
formation that only occurs in scattered outliers sueh as the gravels
near Bryn Mawr, Catonsville, and Rognel Heights.

HAMILTON TERRACE

A disseeted seaward-faeing level surface that nowhere exceeds two
miles in width maintains an average elevation of 300 feet from Kings-
ville near Little Gunpowder Falls to Orange Grove on the Patapsco.
This terrace-like surfaece extends as beneches at elevations of 300 to 320
feet up the valley of the Patapseo as far as Oella and is also found at
intervals along the valley of Gunpowder Falls. At Sparks, Corbett,
and Monkton these benches lie about 40 feet above the level of the
Gunpowder and carry distinctly rounded water-worn gravels, thus
indicating that the stream formerly oecupied a channel about 40 feet
above its present level and that its present course is cut into an
old valley. Similarly along the Susquehanna River and its tributaries
there is a well-developed beneh at 300-320 feet, about 100 feet above the
220-foot bench and replaecing it upstream.

As the correlation between terraee levels in Pennsylvania and Mary-
land is still far from eonelusive it has seemed less likely to eause subse-
quent eonfusion to use loeal names in this report for the terraces of
Baltimore County with the understanding that after more work on
correlation has been done some of these names may be disearded in favor
of names from other areas that have priority. The terracc-like surface
at about 300 feet elevation is called Hamilton because of its maximum
development around Hamilton northeast of Montebello.
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HOWARD PARK TERRACE

It has been explained in the discussion of Early Brandywine gravels
that there is a distinct beneh at 400 feet on Edmondson Avenue. This
bench is a step below the general upland level at Catonsville, which has
an elevation of about 520 feet. The surface at 400 feet is well dissceted
in most places north of Baltimore. It is best preserved in the inter-
stream area between Gwynns Falls and Dead Run where it carries
water-worn gravels, and on the divide between Gwynns Falls and
Jones Falls. It is called the Howard Park terrace because it is so well
prescrved along the Liberty Road near Howard Park. Corresponding
to this terrace there is a well developed system of stream benches at
accordant elevations along the Patapsco and some of its tributaries and
along Gunpowder Falls as far north as Monkton.

CATONSVILLE TERRACE

The next higher terrace-like surface forms the interstream upland at
about 520 feet near Catonsville where it bevels the associated gravels.
This surface is extensively developed in the rolling ihterstream area
between the Patapsco River and Jones Falls and it carries water-worn
gravels at 540 feet elevation near Fishtown on the Reisterstown Road.

Between Joncs Falls and Gunpowder Falls the Catonsville terrace
has been destroyed if it ever existed there. It has been cut across the
upturned edges of quartzite that forms Sectters Ridge near Towson
where it is preserved on account of the resistant nature of the underlying
rock, but it is not confined to nor predetermined by the quartzite as
it is also well developed south of Towson on the Baltimore gneiss near
Rogers Forge. In the less resistant marble of the lowland around
Lutherville and Timonium all vestiges of the Catonsville ‘surface have
been removed by the erosion at lower base level that has produced the
Howard Park terrace. Thus viewed from the north, on the side of the
marble lowland, Setters Ridge is indecd a ridge although looked at from
the south it blends into a continuous upland.

The upstrcam records of the period of erosion during which the
Catonsville terrace was formed are clearly seen along the valley of Little
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Falls as far as Walker. They are registered in spurs or benches having
an elevation of about 500 feet. As far as Monkton these benches lie
above thc benches at 420 feet that have been eorrelated with Howard
Park erosion. Above Monkton the 420-foot benehes disappear.

In the summer of 1927 the writer investigated the 500-foot terrace
above Little Falls near Walker in a search for evidence of former stream
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Fra. 9.—Cross profile through the valley of Little Falls near Walker along
lines A-A, B-B in Plate V.

aetion at that level. Here the river makes a sharp turn from a south-
ward course to flow eastward and northeastward for a distance of half
a mile, after whieh it resumes its southward course. See Fig. 9. The
level of the stream at this point is a little over 420 feet, and about 6
feet abovc the surfaee of the stream a flood plain is eovered with
flattish, rounded to subangular gravel. Among these gravels are




84 THE PHYSIOGRAPHY OF BALTIMORE COUNTY

pebbles of quartz and mica schist that are apparently derived from the
underlying formation and that have not been transported far from
their souree. A long flat-topped spur at an elevation between 480
and 500 feet rises about 60 feet above the level of the stream. Cross
profiles through the valley at this point suggest (Fig. 6) that ABC
represents the mature channel of a previous stream into which the
present Little Falls has sunk a trench. Acecordingly the flat-topped
spur AB was investigated for traces of stream-borne gravels. The
hill top was covered with grass but a careful search revealed three
distinetly rounded fragments of quartz. It has been suggested that
such rounding of quartz fragments may be produced by the long-
eontinued weathering effeet of the atmosphere upon residual fragments
of vein quartz. If this were the eorreet explanation the degree of round-
ing should be approximately the same for all similar fragments of quartz
in a deep residual soil. On the contrary the majority of the numerous
quartz fragments are sharply angular as illustrated in Plate IV, where
a represents a residual fragment of quartz that is almost exaetly the same
size and shape as b but is sharply angular in contrast to the smoothly

rounded edges of b. Moreover the degree of rounding in fragments
b—d, although eomparatively slight is comparable with the degree of
rounding in fragments e-b, which occur in the present flood plain and
are stream-borne gravels. Therefore the presence of rounded fragments
upon the spur at 480 feet is reasonably good evidenee that Little Falls
onee occupied a channel at about the present 500-foot level.

SWEETAIR TERRACE

The flat surface at elevations between 500 and 540 feet forms the
summit of the interstream upland between Patapsco River and the
Greenspring Valley through Hebbville and Pikesville and also crowns
the divide between the Cockeysville Valley and Loch Raven. North-
west of Hebbville in the interstream upland between the Patapsco and
Gwynns Falls there is an almost flat surface at elevations of 600-620
feet between Harrisonville and Randallstown. The Catonsville terrace
wraps around this upland surface in reentrants up the Patapsco and
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Fia. 1.—a. Water-worn gravels from 600-foot interstream upland at Randalls-

town; b. From 540-foot interstream upland at Fishtown; c¢. Trom 320-foot ter-
race on Gunpowder Falls near Monkton.

\""

I'ig. 2.—a. Angular residual fragment of vein quartz, 480-foot level on Little
Falls near Walker; b-d. High-level gravels from same locality; e-h. Gravels from
present flood plain at same elevation and loecality as b-d.

I'ra. 3. Water-worn gravels from near Reisterstown: a. Loeality I3 of Barrell;
b. Locality C of Barrell
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Gwynns Falls valleys. Similarly between Gunpowder Falls and Little
Gunpowder Falls there is a flat-topped divide at the same elevation
extending from near St. James Corners through Manor, Jaeksonville,
and Sweetair, for a distanee of over 7 miles to Knoebel. DBeeause of
the fine preservation of this surface along the Sweetair Road it is ealled
the Sweetair terraee. Near Randallstown it earries water-worn gravels
on the upland surfaee at about 600 feet. (See Plate IV.)

REISTERSTOWN TERRACE

The next step upward in the terraee flight is to the interstream surfaee
at 700-740 feet. The best development of this surface in Baltimore
County is on the divide between the Patapseo and the Gunpowder
where it extends almost unbroken for 10 miles between Fowblesburg
and a point 3 miles south of Reisterstown. This terraee is ealled the
Reisterstown on aeeount of its fine preservation at that loeality and
beeause near Reisterstown it earries high-level gravels apparently of
water-worn origin.

These gravels and eobbles were originally diseovered and deseribed
by Barrell?? from three loealities near Reisterstown. In 1927 the writer
visited these loealities with M. R. Campbell of the U. S. Geologieal
Survey and eolleeted from Barrell’s loealities B and C the gravels shown
in Plate IV. Loeality A was found to be so elosely eovered with grass
that no gravel eould be seen. A eharaeteristie of these pebbles is their
generally plano-eonvex shape and the roughened surfaee in a number of
speeimens. Weathering has formed a deep rind on all the pebbles.

The fact that there are apparently gradations between strongly pitted
pebbles that are flat on one side and roundish on the other to fragments
that are flat on one side but sharply angular on the opposite side leads
one to suspeet that here weathering may have been largely influential
in smoothing the outline. Two sueh fragments are shown in the upper
left hand eorner of group a. But the two right hand fragments of group
a are distinetly rounded on the edges and the lower left hand fragment in

22 Barrell, Joseph, The Piedmont terraces of the Northern Appalachians.
Am. Jour. Sci., vol. XLIX, pp. 426-428, 1920.
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group b cannot be cxplained in any way except as a water-worn fragment
of considerable size that has been broken on two sides after it was
rounded to a pebble. All the fragments are quartz and a number of
them are cvidently vein quartz.

Thin sections were made of the two lowest specimens in group b and of
the next to the lowest in the left hand row of group b. The lowest
specimen in the left hand row, which is clearly a piece broken from a
rounded pebble, shows under the microscope a cataclastic, sutured
texture of uneven grain that suggests a strongly deformed quartzite.
Additional evidence that the fragment is quartzite is the presence of
a flake of biotite and several minute grains that appear to be zircon,
although they are so small that they are not determinable with certainty.
The other two specimens show no trace of bed ding or of foliation and
may possibly be vein quartz. If one of these fragments is quartzite it is
extremcly probable that it was transported from Parrs Ridge, but the
evidence is not conclusive because the underlying mica schist is in some
places intcrbedded with quartzite. No beds of quartzite outcrop at
the surface in the immediate ncighborhood of these gravels.

ARCADIA TERRACE

Above the Reisterstown terrace the divide of the Patapsco-Gunpowder
drainage rises abruptly, north of Fowblesburg, to a generally flat surface
of 800 to 820 feet near the village of Arcadia from which the terrace is
named. The same surface is well prcserved between Rayville and
Eklo on the Gunpowder Falls-Little Falls divide and between Trump
and Maryland Line on the Old York Road that follows the divide be-
tween Deer Creek and Little Falls. In comparison with the Reisters-
town terrace, which covers about 75 square miles in Baltimore County,
the Arcadia terrace is of small extent.

HAMPSTEAD TERRACE

Still smaller in extent is the Hampstead terrace, which occurs only
in the extreme northwest corner of Baltimore County at general cleva-
tions of 900 to 920 fcet. The highest point in Baltimore County, which
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is 960 fcct at Stiltz on the Maryland-Pennsylvania line, is a small
eminence on this terrace. As this surface is so limited in extent in
Baltimore County the name :Hampstead has been used from the wide
flat surface on the Patapsco-Gunpowder divide at a little over 900 feet
around Hampstead in Carroll County.

In Carroll County the Hampstead terrace extends backward to the
base of Parr’s Ridge and above the Hampstead rises the rolling surface
at about 1000 feet on which the town of Manchester is built. This
surfacec forms the highest flat-topped crests of Parr’s Ridge and Dug
Hill Ridge, (see Plate I, fig. 1). A few isolated hills that rise above the
general 1000-foot surface appear to be unreduced residuals of a still
earlier erosion surface that has been completely removed from the
Piedmont Province in Maryland. Such hills are known to physiogra-
phers as monadnocks from Mount Monadnock in New Hampshire,
which is a notablc example of such a residual.

CORRELATION OF PIEDMONT TERRACES

The accompanying table shows the correlation that is tentatively
proposed for the terraces that have been recognized in Pennsylvania,
Maryland, and Virginia. The correlation can only be tentative because
until much detailed work is done in tracing the individual flat surfaces
it is impossible to be sure of their equivalence. The fact that the strcam
benches can be traced in individual systems one above the other up the
main stream valleys as shown in Plate II and that the individual bench
levels coincide with respective interstream terrace levels makes it possi-
ble to correlate records of erosion preserved in different river valleys.
The surfaces of the divide, being farthest from the actively eroding
streams, represent the oldest terraces, as yet only partially consumed.

In this table the figures given for elevation have been carefully selected
to represent equivalent surfaces in Maryland and Pennsylvania,—that
is to say surfaces that occur at approximately equal distances from the
margin of the Coastal Plain. Thus they are strictly comparable.
Where the localities are not strictly comparable the individual locality

is always given.




TABLE SHOWING CORRELATION OF COASTAL, PLAIN AND PIEDMONT TERRACES
(Elevations in feet)

McGee, 1901 | Shattuck, 1901

Clark, W, B.

Barrell, 1920

Stepbenson, 1912

Bascom, 1921

Knopf, E. B., 1924

Knopf, E. B., 1929

Atlantic Slope | Maryland

Maryland

Maryland

Nortb Carolina

Penn., Md. and Del.

Pennsylvania

Maryland

U. S. Geol. Survey Ann.|  Md. Geol. Survey

Md. Geol. Survey Vol. 6,

Am. Jour. Sci. Vol. 49,

N. Ca. Geol. and Econ.

Jour. of Geol. Vol., 29, pp.

Geol. Soc. Am. Bull. Vol.‘

Present report

Rept. 12, pt. 1, pp. 347-521| Pliocene and Pleistocene pp. 55-92 pp. 227428 Survey, Vol. 3, pp. 258-290 540-559 35, pp. 633-666
Kittatinny
b (Blue Mt)) 1660
Schooley  1100-1000 Scbooley 1000 Schooley 1020 Manchester 1020
(Parrs Ridge) (Reading Hills) (Welsh Mt.) (Parrs Ridge)
940-920 Mine Ridge 900 Hampstead 900
Weverton
3 {Carroll Co. 850 (not distinguished from . -
Hgehliotens Montgomery Co. 7 Mine Ridge) e e
Baltimore Co.) 300
745-730 Honeybrook 700 Honeybrook 720 Reisterstown 720
Sunbury
Harrisburg 600-500 630-610 (later called Sweetair 640-600
Harrisburg) 620
Harrisburg 600
Somerville 500-350 Harrisburg
540-520 (later called Catonsville 520-500
Bryn Mawr) 560-500
Appomattox, later cor-
Pliocene related with Lafayette Lafayette Lafayette Early Brandywine
= of Hilgard, wbicb bas Catonsville 508 (Catonsville 500 (called in 1924 not recognized Howard Park 400
Pleistocene since been shown to Coastal Coastal Bryn Mawr) 450-400
be Eocene (includes Plain 300-200 Plain) 300-200
some younger deposits) Late Brandywine 1
Inland 400 Lancaster  420-320 Hamilton 300
““fall-line’’ zone 300
Coharie  235-230 SR = Upper
Sunderland 220
Sunderland 220 Sunderland 230-90 Sunderland 200-100
‘ Sunderland 150-140 phndetiAndisteton Lower
Sunderland 160
Wicomico 100-90 Wicomico 90-60 Wicomico  100-90 Wicomico 90-80 Wicomico 80-60 Wicomico 100-90
. Jfluvial
Columbia {interﬂuvial Cbowan 50
Pleistocene later divided by Darton
into Early and Late Pamlico 20
Columbia
Virginia
Talbot 45-40 Talbot 45-40 Talbot 40-0 Talbo 40 Talbot 40-20
2 3 Wentwortb, C. XK. Geol- G e ¢
ogy and sand and gravel
resources of Coastal
Plain of Virginia.
Mattbews 10
Recent Recent Recent Recent
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To illustrate the inethod by whieh the present correlation was made
take as an example the 220-foot fluvial benches on the Susquehanna
and Gunpowder Rivers. These benches are called Upper Sunderland
because the Susquehanna River benches at 220 feet merge into the
Upper Sunderland terrace, whieh is hypsometrically continuous with
the interfluvial terrace assoeiated with the 220-foot beneh on the Gun-
powder River. The Hamilton terrace, which merges into the bench
system above the Upper Sunderland benches on the Gunpowder is
correlated with the benches in similar position on the Susquehanna.
These benches on the Susquehanna coalesce with the Brandywine
surface. Therefore, the Hamilton is corrclated with the Brandywine.

Later work may modify thesc correlations or may recognize even
more terrace levels in some places than are indicated here. On the
other hand some of the levels here recognized may prove to have only
local significance. But the important factor in interpreting the physio-
graphie history of the region as a whole is not the number nor even the
precise location or eorrelation of the terraces. The significant fact is
the recognition that the Appalachian Province is in reality made up,
not of a few widely extended and rather complexly warped peneplains,
but of a great number of stepped terrace levels of crosional origin
that rise onc above the other towards an inland axis of uplift that has
not yet been studied in detail.

ORIGIN OF THE PIEDMONT TERRACES

In horizontal rock of variable resistance to erosion a stream working
in a soft laycr that overlies a harder stratum will have a comparatively
easy task as long as it is working in the soft layer. When the stream
reaches the hard rock below, the rate of down cutting is so much slowed
up that the soft rock is completely stripped off before the stream has
made much progress in cutting through the hard roeck. Thus a terrace
is producced, upheld by the harder rock bencath. Sugh terraces pro-
duced in response to underlying rock structure are shown on a magnifi-
cent scale in the Grand Canyon of the Colorado.

But the terraces in Maryland and Pennsylvania are not influenced
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by underlying rock structure, for they bevel across steeply folded layers
of rock that are of approximately the same degree of resistance to
erosion,—as shown in Plate II. Such flat surfaces truncating the
underlying structurc have been commonly considered to be the result
of a long continued erosion that has carried the work of peneplanation
to completion. The arrangement of these flat surfaeces in sucecessive
steps somewhat militates against the idea of long continued crosion
and points to repeated interruptions at more or less short intervals, in
other words to successive rcjuvenations, between which complete
reduction was only attained locally in the lowermost part of the up-
lifted area. This planation near the then existing sca level might be
a result of subacrial erosion, which attains completion near base level
first during an unbroken cycle, or it might be caused by marine abrasion.

Barrell, who was the first American physiographer to point out the
existence of numerous terrace levels along the New England Atlantic
slope, was also the first to recognize the Piedmont terraces of Maryland.®
In the southern Appalachians the evidence of repeated interruptions to
the normal progress of erosion had been recognized much carlier by
Keith.2* Barrell interpreted the New England terraces as uplifted
plains of marine abrasion and he was inclined to aseribe the same origin
to the terraces of Maryland. Support of this idea is found in the gentle
seaward slope of the terraces, in the more or less abrupt inter-terrace
slope, and in the presence of water-worn gravel upon many of the terrace
surfaces.

On the other hand, the terraces might be explained as the result of
repeated subaerial peneplanation followed by uplifts and partial dissec-
tion of the earlier formed peneplains. Such uplifts, cither continuous
or discontinuous, must have cumulatively increased the slope of the
surface, bccause after the successive rejuvenations each dissceted
pencplain must record a grade sufficient to have caused downcutting
at the time when that particular peneplain was dissected. As each

23 Barrell, Joseph, The Piedmont terraces of the Northern Appalachians.
Am. Jour. Sci. vol. XLIX, pp. 426-428, 1920
24 Keith, Arthur, Geol. Soc. Am. Bull., vol. VII, pp. 519-525, 1896.
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terrace in turn participates in the uplift that occurred immediately
after it was formed, the slopes of the higher terraces must become
increasingly greater,—which is indeed the case, as may be seen in Fig.
10, showing in much generalized form the scaward slopes of the various
crosion surfaces that have so far been recognized on the castern Appa-
lachian slope. But as previously pointed out the slopes of all these
terraces are gentle, the lower oncs being almost horizontal. Therefore
the uplift could not have been in the nature of a simple scaward tilting
of a land mass, becausc the slopes of the highest terraces would not be
as gentle as they are. |
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Fie. 10.—Generalized diagram showing seaward slopes of erosion surfaces in
the eastern Appalachian Highland.

An alternative explanation is that a land mass is elevated by upwarp
as a dome in such a way that the width of the dome is constantly broad-
ened scaward. Thus more and more of the submarine surface would be
lifted above sea level and although the periphery of the dome would be
always nearly horizontal and practically undissected, nevertheless the
continually increasing amplitude would carry the peripheral portions in
earlier stages of the uplift constantly higher and farther inland thus
finally bringing them into the zone of subaerial erosion. This mode of
uplift was the conception of Walther Penck,?® who made a notable

26 Penck, Walther, Die Piedmonttreppen des siidlichen Schwarzwaldes. Zeit-

schrift der Gesellschaft fiir Erdkunde zu Berlin. Nr. 3-4, 1925. Die Morphol-
ogische Analyse. Stuttgart. 1924.
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contribution to the study of physiography by his emphasis on the
interrelation of uplift and erosion. He stressed the fact that erosion
nceessarily does not wait for the completion of uplift to begin operation
but is already at work during the uplift of an area. At first the rate of
uplift of the dome may excced the rate of crosion and the rcjuvenated
streams will cut down their valleys but will require all their energy to
combat the steadily increasing uplift. Therefore they will not widen
their valleys nor eonsume the divides. On account of the increasing
gradicnt the rate of erosion must be steadily increasing. If the moment
shall come when the rate of erosion outstrips the rate of uplift the streams
will have more encrgy than is necessary to keep pace with uplift and will
proeecd to grade their beds and then to widen their valleys. However,
the mere faet that the streams have reduced their ehannel to grade
slows up the downcutting and the ever continuing uplift once more
overtakes and surpasses the now reduced rate of erosion. The con-
tinuanee of uplift ¢pso facto reaccelerates erosion so that the eycle is
again repeated. Thus owing to the faet that the aeeeleration of uplift
is continuous while the acccleration of erosion is, by virtue of the modus
operandi of crosion, intermittent, Penck believes that a system of terrace
steps sueh as we find in the Piedmont of the eastern United States
can be produced by one steadily aeeelerating uplift rather than by a
series of uplifts of the erust alternating with stillstands.

STREAM ADJUSTMENT

Penck’s hypothesis is alluring in the simplicity of the mechanism of
uplift, which is assumed to be a continuous acceleration, rather than a
suceession of per salfum uplifts interspersed with stillstands or with
relative depressions of the area. But in his analysis it is applied as an
explanation to regions where the underlying rock structure is uniform
and stream adjustment is at a minimum. In the eastern Appalachian
Highlands as a whole, matters are complieated by the presence of large
areas of relatively weak rocks where cxtensive stream adjustment has
taken place and where erosion is not reeorded in terrace flights. Plate 11
shows that the terrace flights arc eut across steeply folded schists and
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gneisses, and the highest surface—the 800-foot ridge—is eut across by
a wind gap or steep-walled valley through which no water is flowing,
although the shape of the valley strongly suggests that it has been
formed by the agency of running water. The natural interpretation of
such wind gaps is that they have been at one time in their career water
gaps and that the stream that once crossed the gap has been subse-
quently diverted to some other course leaving the gap hung up so to
speak out of reach of later erosion.

The country that lies behind the block shown in Plate II is a wide
limestone lowland having a general elevation of about 400 feet. A
few flat-topped monadnocks rise out of the lowland to 520-540 fect
elevation and one conspicuous flat-topped ridge rises to over 600 feet.
This ridge terminates at both ends in flat benches at slightly over 500
feet.

Obviously when the gap was occupied by a strcam the country
behind the gap must have stood as high or higher than the base of the
gap, which is now at an altitude of 560 feet. In the course of erosion
the limestone country behind the gap was lowered more rapidly than the
country in front, which is underlain by schist. Thus the strcams
working in the limestone parallel to the strike of the hard ridge were
able to sink their channels more rapidly than the stream that flowed
across the ridge through the gap. Thereby they were able in time to
tap the stream behind the gap, diverting the water from its course
across the ridge into the easy path through the limestone valley to the
Susquehanna. The gap was left standing high and dry above the reach
of subscquent erosion to endure as a record of the time when the country
behind the gap was 160 feet higher than at present.

But the gap itself is not the simple V-shaped treneh of a young
valley but has the cross profile of a two-story valley (sec Fig. 11), thercby
recording two stages of erosion during which the gap was occupied by
a strcam. An older shallow valley preserved in the gentle upper slope
of the composite valley was formed during the long-continued erosion
that consumed the 800-foot terrace and carved the lower terrace at 720
feet. When the stream occupied this shallow valley at about 700 feet
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elevation the eountry back of the present gap of eourse must have
stood at slightly over 700 feet. Into the shallow valley a,b, e, d a steep
trench b, e, d was sunk during the erosion that disseeted the 720-foot
terrace in front of the gap. Meanwhile the eountry back of the gap
underlain mainly by weak calearcous roeks was redueed to a surface of
low relief at about 640 feet. Residuals of this plain are now preserved
in the flat-topped ridge at 640 feet that is underlain by tilted quartzite.
A seeond loeal peneplanation in the lowland baek of the gap is reeorded
in the benches at the ends of the 640 ridge and in numerous small
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F1a. 11. Cross profile of the wind gap at Gap, Pennsylvania showing two-
story valley

flat-topped hills that rise to 520 feet, one hundred feet higher than the
general level of the limestone lowland.

Thus the eountry behind the gap appears to have been reduced to
a lowland three times during the formation of the terraees at 620, 520,
and 400 feet respeectively. Loeal peneplanation of such a eonsiderable
area suggests three fairly long eontinued stages during whieh erosion
was proceeding steadily. If the uplift as postulated by Penck were
steadily aceelerating during all this time it is somewhat difficult to see
how not only terracing but also complete local peneplanation eould
have oeeurred during temporary periods of relative equilibrium between
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erosion and uplift while the rate of uplift is gaining over the temporarily
slackened downcutting of the graded streams.

It seems on the whole more probable that the wide and eoneave valley
bottoms that are now reeorded in the fluvial benehes were oeeupied by
streams in a mature stage of aetivity and that these streams flowed out
upon the level of the marine abrasion plains that have later been uplifted
and disseeted. The flood plain deposits of the old streams, although
largely removed by the later erosion, arc still preserved in patehes upon
the fluvial benehes, and the gravels upon the interstream surfaees prob-
ably represent only residual patches of the more or less thin venecr of
gravel that covered the abrasion platform.

The extremely gentle slope of the terraces (see Fig. 10) and their
relative inelinations indieates that while the uplift was at first strongest
in the center of the dome and less towards the periphery, continuing or
subsequent uplifts elevated the eentral part of the dome sueeessively
less and less while the peripheral portion was widening and rising. In
other words, the erest of the wave of uplift, while becoming eontinuously
lower appears also to have been travelling continuously seaward.

The oseillations of sea level reeorded in the lower terraees may owe
their existence to eustatie ehanges of oeean level caused by the abstrae-
tion or release of water that aecompanied the successive glaciations and
deglaeiations of the Quaternary Ice Age.

The eomplete story of how the hills and valleys and wide lowlands of
the Piedmont provinee assumed their present form is still far from
determined. The flat-topped terraced summits of the stream divides
rceord the times when eaeh successive terrace stood near sca level.
Similarly the steep-walled V-shaped gorges of such streams as the
Patapsco and the Gunpowder tell us how uplift of the land has re-
peatedly forced these master streams to cut down their ehannels before
they have had time to do more than widen their valleys to a U-shaped
bottom and to round and soften the slopes of the interstream divides.

Thus each terrace has in turn been dissected by rejuvenated crosion,
Just how the successive rejuvenations have been brought about,
whether by one long-continued and steadily aeeelerated uplift or
whether by a succession of uplifts that were interrupted either by still-

stands or by relative depressions of the arca has not yet been determined.
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GEOLOGY OF THE CRYSTALLINE ROCKS

BY

ELEANORA BLISS KNOPF anp ANNA I. JONAS
RELATION OF GEOLOGY TO LANDSCAPE AND TO KcoNomic INTERESTS

Stretching northward from the eity of Baltimore, the York Road
erosses the eentral part of Baltimore County over a broad upland
eountry, shaded by the spreading trees of many a fine old Maryland
estate. From this wide upland the road descends into a fertile rolling
valley around Coekeysville, out of whieh it elimbs onee more into a
sueeession of long flat-topped hills eut by steep ravines wooded with
oak and laurel thickets. The traveller, who journeys northward on
some summer afternoon, would be tempted to linger upon the southern
slope of the Philopolis Hill turning his faee backward to enjoy the view,
whieh is typieal of the rieh farming lands of Baltimore County.

At the foot of the hill a narrow valley, flooded with slanting sunshine,
extends westward toward the wide meadow of the historie Worthington
Valley. The long white ribbon winding southward marks the York
road, whieh stretehes down the Coekeysville Valley toward the ridge that
hides the eity of Baltimore. The valley is flanked on both sides by wide
hills with gently rounded slopes. Over the long flat top of Chestnut
Ridge, the western sun has drawn a shimmering veil aeross many a tall
and leafless tree smitten by one of nature’s blights. Curling elouds of
smoke melting in the distance into a background of blue hover over the
place where man is digging from Earth’s hold great bloeks of snowy
marble like those that rise heavenward in the white shaft of the Wash-
ington Monument. A few deep-red gashes upon the surface of the
opposite hillside are left to remind the passerby that onee a busy iron

industry flourished at Ashland Furnaee.
97
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Some may linger to enjoy the scene and then pass on their way
refreshed and satisfied, yet there is always some one whose eager mind
may wonder what caused this succession of hill and valley; what brought
the iron to redden the hill slopes; why the marble lies beneath the surface
of the valley while only glistening fragments of micaceous rock appear
upon the hills.

To answer sueh questions as these patient investigators have toiled
through the valleys and over the hills of Maryland. The power of
speech and written language has developed in order that man may
communicate his ideas to his fellowmen, but to understand the history
of mankind requires an understanding of the language in whieh it is
written. Likewise the power to express its history has been given to the
Earth, but to human comprehension the meaning of this expression comes
but slowly. Xven when by patient toil each worker has deciphered to
the best of his ability a few pages of Earth’s story he realizes that all
he has done is to “draw the truth as he sees it, for the God of the things
as they are.”

The history of a region centers around its human interests and
nowhere in the United States is a region more rieh in associations of
historie interest than in the old colonial State of Maryland. Yet the
history of the State cannot be fully read from a study of its written
records. Geology has been defined as a study of the Earth and its in-
habitants and it can always be regarded both from a cosmie and from a
human viewpoint. It is a study that must be carried on by scientific
methods with the aid of the kindred sciences of chemistry, physies and
biology. Its ultimate end, however, is to use the scientific facts thus
gained for the benefit of mankind, cven though these faets may not
appear at first sight interesting or valuable to us. It aims to place at
the disposal of the people a knowledge of the economic riches that are
stored up for their use in the rocks and also to explain the outlines of
their familiar landseape so that their daily experience of the country in
which they live may acquire greater breadth and a new and deeper
interest. So from the study of a partieular region there may be aroused
in people a desire to know the geologie hi tory of the earth and the means
by which that history is reeorded and how it is read.
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ORIGIN OF CRYSTALLINE SCHISTS

Roeks as we see them have been formed chiefly in two ways. Material
derived from the erosion of land surfaees has been transported by water
either in suspension or in solution and deposited, generally under water,
as sediments. This material is indurated and eonsolidated into roeks
of the elass known as sedimentary. Another elass known as igneous
rocks is formed by eonsolidation of molten material (roek magma) that
has been poured out upon the surface as lavas or has solidified beneath
the Earth’s erust and has been subsequently revealed to view by the
removal of the overlying rock.

In eertain regions, roeks that have been originally formed, as deseribed
above, have undergone various alterations that result in the develop-
ment of new and complex forms. These alterations are known as
metamorphism, a term derived from the Greek perd, meaning among
(denoting interchange) and pop¢s, meaning form. The ultimate result
of this alteration is the complete reerystallization of the original mineral
constituents often into new minerals and the formation of textures
that are different from those of the original roek. Such reerystallized
rocks are known as erystalline schists or as erystalloblastie rocks from
the Greek word Bhagrés = sprout, in allusion to the growth of new
minerals.

The term schist indicates that the roek is eharaeterized by a eertain
texture known as schistosity, by virtue of whieh it will split or eleave
readily along a definite plane. This property of eleavage in a roek is
eaused by the formation and definite alignment of numerous platy
minerals, such as miea, amphibole or pyroxene, that possess in them-
selves a strong eleavage or tendeney to part along a certain erystal-
lographie plane. Miea owes its economie value to the faet that its
strong cleavage enables the translueent mineral to be split apart into
thin leaves suitable for use in a variety of ways. When such strongly
eleavable minerals are aligned in a roek in such a way that they all
eleave along the same plane, the roek is said to be sehistose or foliated
and the foliation is either eoarse or fine, depending upon the size of the
mineral eonstituents. A eoarsely foliated roek is known as a gneiss, a
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finely foliated roek as a sehist, while the general name erystalline sehist
eovers all reerystallized foliated roeks.

In eonsidering the eauses that have produeed erystalline sehists out
of original sedimentary or igneous roeks we must regard roeks as well as
roeck magmas as mixtures of definite eompounds, usually silieates,
whieh in the magma are eonsidered to be in a relation of mutual solu-
tion.! In the language of ehemistry the eomponents of the roek or
magina are ealled systems. A system is defined as a set of materials in
or tending towards a eondition of equilibrium. There are three phases
of a system—solid, liquid, and vapor. Roeks and roek magmas are
complieated systems whose metamorphism is governed by ehemieo-
physieal prineiples.

It is eommonly conceded that the reerystallization of the original
eonstituents of roeks is determined by eonditions of relatively high
temperature and pressure. Such eonditions may be produeed in a
variety of ways. High temperature under relatively low pressure is
produeed by the intrusion of heated igneous roeks, resulting in eontaet
metamorphism in the surrounding roeks. High temperature and high
pressurc may be produced cither by deep burial of rock beneath a load
of sediment in a great down warp of the earth’s erust or by the aetion of
tangential thrust during the produetion of mountain ranges. Mecta-
morphism under eonditions of high temperature and pressure is effeeted,
in the first ease, by static pressure and has been called load mecta-
morphism. In the seeond ease mmetamorphism is effeeted under eon-
ditions of stress that result in folding of the Earth’s erust and is known as
dynamie metamorphism.

Authorities differ as to the relative importance of the two factors of
heat and pressure in the produetion of erystalline schists. In reeent
years, however, it has become inereasingly apparent that temperature
rather than pressure is the eontrolling faetor in reerystallization,
because the rate of ehemieal reaetion is extremely suseeptible to tem-
perature ehange while practieally unaffeeted by uniform pressure,?

! Harker, Alfred, The natural history of igneous rocks, p. 169, 1909.
* Johnson, J., and Niggli, P., Jour. Geol., vol. XXI, no. 6, p. 488, 1913.
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exeept in systems where one or more of the eonstituents is volatile.
For example in a rock magma containing the components that make up
the dark miea, biotite, uniform pressure in the deep-seated roeks will
cause the formation of biotite whereas in lavas eonsolidated at the
surfaece the water has eseaped and the resultant minerals are olivine
and leueite.*  But it must be remembered that non-uniform pressure or
stress plays a very important part in reerystallization beeause under the
influenee of stress and in the presence of solvents the strained faece of
erystals beecomes more soluble, with the result that stressed rocks are
readily suseeptible to chemieal reaetion.

The distinguishing eharaeteristies of erystalline schists, or reerystal-
lized roeks, as opposed to plutonie igneous roeks that have erystallized
out of molten magma at great depth, are the erystalloblastie texture as
opposed to the normal igneous texture, and the foliation or arrangement
of minerals with their longer axcs normal to the direction of pressure.
In the plutonie roeks such as granites the mineral eonstituents erystal-
lize out from a state of fusion according to a definite sequenee, the dark
colored minerals being the first to separate in the solid state, then the
plagioelase and later the orthoelase and quartz. In a liquid, pressure is
transmitted hydrostatieally and stress does not exist. Therefore, the
minerals will erystallize with no dimensional orientation and the result-
ing normal igneous texture is granitic. In the ease of the erystalline
schists the reerystallizing roek is in a solid not in a fluid state. Pressure
is transmitted as stress and results in a loeal fusion or solution of the
constituents. The resulting growth of erystals is eonditioned by the
resistanee exerted by the surrounding eonstituents and will be synehro-
nous and usually in a direction normal to that of the stress. The texture
thus developed as a result of reerystallization is said to be erystallo-
blastie.

Under eertain eonditions, probably those of relatively low temperature
and of absenee of solvents a solid system under stress will be mechani-
cally deformed instead of being reerystallized. Evidenee of strain will

* Johnston, J., Jour. Geol., vol. XXIII, p. 742, 1915,
4 Johnston, J. and Niggli, P., Jour. Geol. vol. XXI, no. 6, p. 499, 1913.
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be secn in the undulatory extinction or granulation of the brittle con-
stituents together with a slicing or gliding of crystals that have a distinct
cleavage and a bending of the fibrous or lamellar minerals. Such
textures are known as cataclastic. The presence of granitie, crystallo-
blastie, or cataclastic textures in a rock may be uscd as a clue to the
history of the formation, although it is not always clcar why one rock
‘may be completely recrystallized while similar rock not far distant may
be cataclastically deformed.

Most of the crystalline rocks of Baltimore County have been re-
crystallized and some have been so thoroughly recrystallized that the
original characters must remain a matter of conjecture. Some of the
igneous rocks show cataclastic deformation, but the original textures
in these rocks can be more or less readily perceived.

The area of Baltimore County has been more than onec the locus of
intense folding under conditions that were favorable for regional meta-
morphism and the crystalline schists have probably acquired their
present complex character during more than one period of mecta-
morphism and under the operation of various causes.

OuTLINE OF GENERAL GEOLOGY

The rocks of Baltimore County comprise a series of highly crystalline
schists and gneisses of pre-Cambrian age. The oldest rock is the
Baltimore gneiss, a pre-Cambrian gneiss of granitic aspect; that is, a
recrystallized sedimentary gneiss which has becn injected in places by
granitic magma. The Setters formation, which is a serics of gneisses,
quartzites, and mica schists, overlies the Baltimore gneiss unconformably
and is presumably also pre-Cambrian. It is overlain by the Cockeys-
ville marble, which is in turn succeeded by a second series of schists,
gneisses, and quartzites, known as the Wissahickon formation. This
formation is developed in two facies that have been formed under
different conditions of metamorphism. An oligoclase-mica schist facies
lies on the south side and an albite-chlorite schist facies on the north
side of the syncline that exposes the overlying Peters Creek quartzites
and schists. The Setters formation, Cockeysville marble, Wissahickon,
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and Peters Creek formations make up what is here termed the Glenarm
series. Beeause of relations established by the writers along the Susque-
hanna River in Pennsylvania, the albite-chlorite schist is regarded as a
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Igneous rocks:— .
. Hartley augen gneiss.
. Port Deposit gneiss (granodiorite) and Relay quartz diorite.
. Gabbro and serpentine (peridotite and pyroxenite).
. Gunpowder granite.
. Woodstock granite and associated pegmatites.
. Diabase (Triassic).

eontemporaneous facies and the northern equivalent of the Wissahiekon

oligoelase-miea schist.
The Baltimore gneiss had been intruded by gabbro and by granite
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GENERALIZED TABLE OF ROCKS OF BALTIMORE COUNTY
| | i
System Series Group or Formation Tli];"g;gss Remarks
Quaternary | Pleistocenc | Columbia Group
unconformity
Raritan
unconformity
Cretaceous | Potomac Group
Mesozoic unconformity
Triassie Diabase Intrusive dike
unconformity
Epi-Paleo- | Woodstock allanite Intrusive. Shows
zoic? granite and asso- somc cataclastic de-
ciated pegmatites formation
Aplite Intrusive. Show
Port Deposit granite considerable cata-
(grano-diorite) clastic deformation
Relay quartz diorite accompanied by
Gunpowder granite partial or complete
Serpentine, peridotite recrystallization
and pyroxenite
Hypersthene gabbro
Quartz hornblende
gneiss
Late Pre- Mic‘a schist, quart-
Cimien zite and p.hylllte.
Peters Creek forma- Show partial re-
(Protero- . ? . o
" tion crystallization and
zoie) 4
some cataclastic
8 deformation
5
% Crystalloblastic  al-
g bite-chlorite schist
g Wissahickon forma- 1500+ ? Crystalloblastic  oli-
15 tion goclase-mica gneiss,
mica schist and
quartzite
Cockeysville marble | 400 Recrystallized lime-

stone and dolomite
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GENERALIZED TABLE OF ROCKS OF BALTIMORE cOUNTY—Concluded

| |
Thickness

System l Series Group or Formation in feet I Remarks
| J Crystalloblastie
q [ quartzites and bio-
Late Pre- BetisaEiiokRatin L tite gneisses and
Cambrian | Glenarm | mica schists
(Protero- | Series unconformity
zoic)
Hornblende gneiss
(Meta-gabbro?)
l Hartley augen gneiss Augen granite gneiss
Early Pre- | Baltimore gneiss ¥ Biotite and horn-
Cambrian | blende gneiss that
(Archaco- shows some cata-
zoie?) clastic deformation

before the deposition of the Glenarm series. The Glenarm series, as far
up as the Peters Creek formation, has been cut by granites, gabbros, and
pyroxenites and peridotites that were probably intruded at the close of
pre-Cambrian time. The Woodstoek granite belongs to a later period
of intrusion and was probably irrupted during the elose of the Paleozoie
era.

A few diabase dikes belong in the Triassie period and are the only post-
Paleozoie erystalline roeks exposed in Baltimore County.

The southern third of the county is eovered by Coastal Plain sedi-
ments that have obseured the underlying gneisses. North, northeast,
and southwest of Baltimore, where erosion has cut through the mantle
of uneonsolidated material, the sands and gravels form irregular eaps
or outliers upon the surfaee of the crystalline roeks.

The eolumnar section shown in Fig. 12 presents the relations of the
formations whose areal distribution is indieated on the geologie map that
aceompanies this volume.
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Iexeous RocCks

The igneous rocks of Baltimore County comprisc granites, quartz
monzonites and quartz diorites, gabbros, quartz-hornblende gabbros,
pyroxenites and peridotites with assoeiated serpentines, and diabase.

The granites occur in isolated intrusions of varying size with assoeiated
dikes of pegmatite and aplite. The gabbros and allied rocks are part
of a great intrusive mass from which there arec many offshoots in the
form of dikes. Diabase erosses the country in a narrow dike.

The plutonie roeks of Baltimore County were formed during at least
three periods of igneous activity. The first period of granite invasion
was doubtless of pre-Huronian age when the Hartley augen gnciss and
probably some gabbros intruded the sedimentary Baltimore gneiss.
During the sccond period gabbros, ultra-basic ferromagnesian roeks and
granites, the Gunpowder, Port Deposit and Relay, were intruded into
the Glenarm scries. If the Glenarm series is early Proterozoic, the
ineluded igneous rocks might have been formed during the crustal
deformation that accompanied the intrusion of the Algoman granites.

The castern Appalachian belt felt the effects of an epi-Ordovieian®
folding that may have been accompanied by igneous intrusion. There
is no evidenece for or against such a period of folding or intrusion in
Baltimore County. In Virginia, however, fossiliferous Ordovieian
slates are infolded in the Peach Bottom syneline in two areas, in the
Arvonia area and the Quantico area.

The slate of the Quantico area is interbedded with voleanie material
of Ordovician age, showing that therc was voleanic activity at that time
less than a hundred miles from the Baltimore area.

Baltimore County eontains granite which is much younger than
those already mentioned. These younger granites which oceur ncar
Woodstock and Ellieott City have not been deformed to any extent.

¢ Epi-Ordovician signifies the interval between the Ordovician and the Silurian
periods and has a more exact meaning than post-Ordovician which refers to all
time subsequent to the Ordovician period. The prefix “epi,’”” which is the Greek
word meaning upon, was first used by Lawson in 1902 to signify the interval

between two geologic areas. (Eparchean interval.) Univ. of Cal. Bull., vol. III,
No. 3, 1902.
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Their texture is granitic and indicates that they were not intruded
during a period of folding. They arc post-teetonie granites and may be
epi-Carboniferous in age.

GABBRO

Gabbro is a granular, completely erystalline rock, mediuin to coarse-
grained, of a dark-gray to purplish-black or green eolor. It is eomposed
of soda-lime feldspar that is normally plagioclase of the speeies labrado-
rite and bytownite, and of pyroxene normally diallage. A gabbro may
contain also hornblende, olivine, quartz, and magnetite. Where
quartz is present in notable amount it is ealled a quartz gabbro. The
characteristic pyroxene, diallage, may be aecompanied by hypersthene
when the rock is known as a hypersthenc gabbro. Where the pyroxene
constituent is largely hypersthene or enstatite the rock is ealled a
norite.

In this report gabbro ineludes the following varieties: hypersthene
gabbro, olivine gabbro, and quartz-hornblende gabbro or meta-
gabbro, whieh is an altered or metamorphosed gabbro. These facies
have not been distinguished by different eolors on the geologic map
beeause one type grades into the other without any sharp boundary lines.

With the deerease of feldspar eontent gabbro beeomes a pyroxene
roek or a pyroxenc-olivine roek ealled pyroxenite or peridotite. The
pyroxenites and peridotites have been roughly separated from the
gabbro in mapping.

Areal distribution.—The gabbro of Baltimore County oceurs mainly
in two large areas. The larger and better exposed lies west and north-
west of the eity of Baltimore. It extends from Bare Hills, 11 miles
southwestward, to the Patapsco River west of Relay, and exeept for
three small areas of granite it oceupies all of southwestern Baltimore
County from Relay northward to Randallstown and east to Bare Hills.
Within the gabbro area are pyroxenites and peridotites, partly ser-
pentinized, whose distribution is greatest on the western and eastern
borders of the gabbro mass. The gabbro area west of Baltimore City
covers about 50 square miles.
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The second large arca of gabbro lies northeast of the city of Baltimore.
It extends in a direction S. 35° E. from the Harford County line at
Reckord to the city of Baltimore. Its maximum width is 4% miles
but its outcrop is much interrupted and covered by the Coastal Plain
scdiments that bound it on the south and east. South of Gunpowder
Falls it is exposed only along the streams that have cut through the
Coastal Plain cover that caps the hills.

The largest offshoot from the gabbro is the Soldiers Delight
serpentine area. It extends from the hills of Soldicrs Delight southwest
through Holbrook to North Branch of the Patapsco River, passing
southwest into Carroll and Howard counties. Northwest of this arca
there are several narrow dikes that are offshoots of the main mass.

There are other dikes in northern Baltimore County that are south-
western extensions of the serpentines of Harford County. They extend
from the county line southwest across Gunpowder Falls between Blue
Mount and Whitehall to Woodensburg. The outcrops are interrupted
from Hereford to Yeoho.

Several narrow dikes of meta-gabbro occur north of Glencoe, near
Warren, north of Loch Raven and west of Ben Run.

Intrusive relations of gabbro to surrounding rocks.—Except for the
region near the city of Baltimore where the gabbro cuts the Baltimore
gneiss it is intrusive into the Wissahickon oligoelase-mica schist and the
overlying Peters Creek formation. Observable contacts of the large
gabbro mass arc few but wherever exposed there are small apophyses
of gabbro for a short distance from the border of the gabbro mass. The
dikes related to the gabbro are intruded parallel to the foliation of the
schists and follow the prevailing strike of the country rock.

It is not known whether the gabbro is a laccolith or batholith. Ero-
sion has removed the overlying strata and left no evidence of possible
doming at the time of intrusion. Its present elongated shape is not
characteristic of a laccolith, but the thrust which has acted upon it
would tend to lengthen the gabbro in a northeast and southwest direc-
tion. It may be called a batholith in the sense that it is irregular in
shape and shows no relation to the structure of the country rock. The
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gabbro of Baltimore County is part of a large intrusion that extends from
Pennsylvania southwest into Delaware near Wilmington. It passes
southwestward aeross the Susquehanna River and erosses Harford
County in a broad belt. Laurel, Maryland, marks the southern
extremity of the intrusive mass and at this point it passes under Coastal
Plain deposits. In Ceeil County along the Pennsylvania State line the
northern edge of the gabbro is bordered by serpentine intrusions ealled
the State Line serpentines. They eross Harford County and braneh
off from the gabbro northeast of Belair and extend west to Jarrettsville.
The Blue Mount-Yeoho dikes are continuations of Harford County
serpentines that extend southwestward from Cardiff, Maryland.

Weathering.—Gabbro breaks into large polygonal bloeks that assume a
spheroidal shape by the slow rounding off of the corners under the
influence of weathering. These boulders thickly strew the surfaee of
the fields in a soil composed of a reddish-yellow clay, loamy at the
surface, and grading down into a stiff red elay. The underlying hard
roek is usually within a few feet of the surface. One of the large gabbro
areas of Harford County is ealled ‘““the Stony Forest”” beeause the region
is so thiekly strewn with boulders.

Economic value—There are quarries in operation in the gabbro near
Woodberry, Franklintown, and Dickeyville, now ealled Hillsdale, in the
area northwest of Baltimore and at Raspeburg and Gardenville on the
Belair Road. Though it is used loeally for building stone it is quarried
chiefly for erushed stone. Its binding and wearing qualities make it
well adapted for use in macadam on roads subjeeted to heavy traffie.
Gabbro has been used for the most part in the eonstruetion of the State
road from Conowingo on the Susquehanna to Baltimore, and the
excellence of that road is proof of its high value as road material. It has
been used loeally for building stone but it is not generally pleasing
beeause of its dark eolor.

Lithologic Character

Hypersthene gabbro:—Hypersthene gabbro eonstitutes the greater
part of the area west and northwest of Baltimore. The gabbro of this
area has been deseribed by Williams® in his exhaustive report as to its
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mode of oeeurrenee, distribution, petrography, and its relation to the
“gabbro-diorite’” or meta-gabbro that is intimately assoeiated with the
hypersthene gabbro. Olivine gabbro? has been found only near Orange
Grove. When freshly broken the hypersthene gabbro is a massive
granular, purplish-gray roek, which beeomes green on the alteration
of the pyroxene to a fibrous green amphibole known as uralite. The
mineral constituents are plagioclase, diallage, and hypersthene with
aeeessory pyrite and magnetite. Uralite is rarely absent.

The mieroseopie texture is hypautombrphie granular. ‘“The grain®
of the hypersthene gabbro is, as a rule, uniform and fine, the eomponent
minerals averaging from one to two millimeters ih diameter. Ix-
eeptionally, however, the grain beeomes eoarser; in a few speeimens the
individuals of pyroxene and feldspar measured from twenty-five to
thirty-five millimeters in length.”

The eharaeteristie plagioclase is basic labradorite to bytownite. It is
hypautomorphie usually with albite twinning and when untwinned it
shows undulatory extinetion. It is full of minute dustlike inelusions of
ilmenite or magnetite that are considered to be the eause of the purple
eolors of the feldspar.®

Green diallage is xenomorphie and eommonly twinned. It is free
from inelusions and may be distinguished from hypersthene by its
differenee in eolor and laek of pleoehroism.

Hypersthene is a eonstant eonstituent of the gabbro west of Baltimore
and it is usually present in greater amount than diallage. It exhibits
the eharaeteristie trichroism, pinkish-brown to grayish-green to yel-
lowish-green, and shows also the charaeteristie inclusions.

Hornblende gabbro:—In his study of the gabbros of Baltimore, Wil-
liams!® reports original brown hornblende in a few loealities, interstitial
between pyroxene and feldspar.

¢ Williams, G. H., Gabbro and Associated hornblende rocks of Baltimore, Md.:
U. S. Geol. Survey Bull. 28, p. 18, 1886.

7 Idem, p. 19.

8 Idem, p. 20.

? Loughlin, G. F., The gabbros and associated rocks at Preston, Conn.: U. S.
Geol. Survey Bull. 492, 1912, p. 85.

10 Williams, G. H., Gabbro and Associated hornblende rocks of Baltimore,
Md., U. 8. Geol. Surv. Bull. 28, p. 24, 1886.
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Meta-gabbro (hornblende gneiss):—The hornblende, however, which is
abundant and common in the gabbro, is a secondary mineral, light-green
uralite. It is secondary to the pyroxene and in the ease of hypersthene
it develops first as a rim where hypersthene adjoins plagioclase. The
hypersthene lacks lime neeessary for uralite and the lime is supplied by
the adjoining plagioelase. The uralite penetrates the pyroxene in
eracks and alteration may proeeed until none of the original hypersthene
remains. Uralite may oceur both in felty aggregates and in large
individuals. The uralite crystals frequently earry inclusions of second-
ary quartz. Pyroxene gabbro in which uralitization has taken place
was ealled a gabbro-diorite by Williams."* The name was given on the
basis of the eharacter of the bisilicate eontent and not on the charaeter
of the feldspar, which is the present eriterion of distinetion between
diorite and gabbro. The rock may be better ealled meta-gabbro or
hornblende gneiss, signifying an alteration in the original gabbro by
whieh augite has been ehanged to hornblende.

In part of the meta-gabbro the feldspar is little altered and proves to
be identieal with that of the hypersthene gabbro. This is further
proof that this hornblendie roek has been derived from hypersthene
gabbro. Saussuritization of the feldspar usually aeeompanies the
development of uralite. Where saussuritization is far advaneed the
formation of epidote and zoisite elouds and breaks up the feldspar.
The reaction proceeds in the presence of water. Addition of ferric
oxide which replaces some of the alumina of the feldspar molecule is
necessary for the formation of epidote. The by-produets formed are
the hydrated aluminous silicate, kaolin, and the aluminum hydroxide,
gibbsite, It is evident that in the formation of uralite and saussurite
mueh of the lime moleeule of the plagioclase is used, thereby releasing
the soda moleeule and the remains of the lime molecule to form a more
sodie feldspar than the original plagioelase. The resultant eonstituents
of a meta-gabbro are a clear feldspar (oligoelase), quartz, uralite, epidote,
zoisite, and sometimes biotite and kaolinite. In the hand specimen the
meta-gabbro is a roek of striking appearance eomposed of greenish-

11 Idem, p. 17.
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black hornblende with a satiny luster and white opaque feldspar and
sometimes quartz. Surface weathering results in the removal of the
feldspar thereby giving a pitted appearance to the rock. Such a rock
possesses a secondary banding produced by the development of horn-
blende and may be called a hornblende gneiss. This banding or
foliation is evident in cuts and quarries and usually dips northwest.

The meta-gabbro is abundantly developed in the arca northwest of
Baltimore. It predominates along the Patapsco River from Avalon to
Orange Grove and north of Oella through Hollofield, Hebbville, and
Rockdale. It is abundant west of Mount Washington and near Wood-
berry where it is well exposed in the quarries and along Jonecs Falls
within the city limits.

Quartz-hornblende gneiss or meta-gabbro of the type deseribed above
is characteristic of the entire arca northeast of Baltimore. The best
exposures are along Little and Big Falls of the Gunpowder. For the
most part the alteration has progressed farther in the rock of this area
than it has in the gabbro to the west of Baltimore. The original
pyroxenc has been completely replaced by uralite which usually contains
inclusions of secondary quartz. In some specimens the feldspar has
altered to a spongy-looking mass composed of secondary quartz and
feldspar, epidote, and zoisite. Quartz oceurs also in a mortar structure
as interstitial material between uralite bands associated with feldspar,
epidote, and zoisite. In some specimens biotite is present. Magnetite,
pyrrhotite, pyrite, and apatite are accessory constituents.

Gabbros of regions adjacent to Baltimore County.—It has been brought
out by the work of Insley in his dissertation on the Gabbros of Harford
County that the quartz-hornblende gneiss extends northeastward into
Harford County. Northeast of Belair the predominating type beecomes
again hypersthene gabbro like that west of Baltimore; northeastward in
Cecil County hypersthene gabbro is associated with saussurite gabbro,
meta-gabbro, quartz meta-gabbro and norite.'?

12 Jeonard, A. G., The Basic Rocks of Northeastern Maryland: Amer. Geolo-
gist, vol. XXVIII, No. 31, pp. 147-153, 1901.
Bascom, F., Maryland Geol. Survey, Cecil County, pp. 125-128, 1902.
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The gabbros of Delaware!® and southeastern Pennsylvania* are both
hypersthene gabbro and hornblende gabbro. The gabbros of Dela-
ware are largely quartz-bearing.

Relation of quartz-hornblende gabbro to hypersthene gabbro.—It is the
opinion of investigators who have worked on the gabbros of eastern
Maryland, Delaware, and Pennsylvania, from the time of Williams to
the present, that the hypersthene gabbro and the meta-gabbro or
quartz-hornblende gabbro are geologically identical. Williams!® pre-
sents detailed proof for sueh opinion based on geologieal, chemieal, and
miecroseopieal relations. He states:

First: that the two types are so intimately assoeciated in exposures
that no sharp line of demarcation ean be found. An exeellent exposure
in illustration of such transition oceurs on the Western Maryland
Railway beyond Mount Hope Station.

Second: that almost without exception the hypersthene shows micro-
scopically a border of uralite similar in eharaeter to the uralite of the
hornblende gabbro. Also the pyroxenes eontain no inelusions of
hornblende as would be the ease if both had erystallized simultaneously.

Third: that ehemieally there is a elose agreement between the analyses
of the two kinds of roeks. Study of the aeceompanying analyses, on
following page, will bear out this statement.

Analyses of hypersthene gabbro so elosely agree with those of horn-
blende gabbro that it seems fair to eonclude with Williams' that the
hypersthene gabbro and hornblende gabbro of the area west of Baltimore
“undoubtedly represent two modifieations of one eontinuous roek mass
whieh differ only in the erystalline form of the bisilieate eonstituent.”
This eonelusion should be extended to inelude the gabbros of the area
east of Baltimore, of Harford and Ceeil eounties, Maryland, and of
Delaware and Pennsylvania.

13 Chester, F. D., The Gabbros and Associated Rocks in Delaware: U. S.
Geol. Suvey Bull. 59, p. 10, 1890.

14 Bascom, F., U. S. Geol. Survey Philadelphia Folio 162, p. 6, 1909. Elkton-
Wilmington Folio 211, p. 7, 1920.

15 Williams, G. H., Gabbro and associated hornblende rocks of Baltimore,
Md., U. S. Geol. Survey Bull. 28, pp. 3345, 1886.

18 Williams, G. H., Gabbros and Associated hornblende rocks of Baltimore,
Md.: U. S. Geol. Surv. Bull. 28, p. 45, 1886.
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I. Hypersthene gabbro, Mount Hope station, Baltimore Co., Md. Analyst,
Leroy MeCay, U. 8. Geol. Survey Bull. 28, p. 37, 1886.
II. Hypersthene gabbro, Gwynns Falls and Windsor Road, Baltimore Co., Md.
Analyst, W. S. Bayley, U. S. Geol. Survey Bull. 28, p. 37, 1886.

II1.

Hornblende gabbro, near Pikesville, Baltimore Co., Md. Analyst, Leroy

MeCay, U. S. Geol. Survey Bull. 28, p. 37, 1886.

1v.

Hornblende gabbro, Windsor Road, Baltimore County, Md. Analyst,

Leroy McCay, U. S. Geol. Survey Bull. 25, p. 37, 1886.

V.

VL

VII.

Hornblende gabbro, Ilehester, Howard Co., Md. Analyst, W. F. Hille-
brand. Iddings, J. P., Igneous Rocks, Vol. I, p. 219, 1913.

Hypersthene gabbro, S. W. of Dublin, Harford Co., Analyst, Penniman &
Browne. Insley, H. Gabbros of Harford Co.

Hornblende gabbro, Stone Run near Rising Sun, Ceeil Co., Md. Analyst,
W. F. Hillebrand, Amer. Geol., vol. XXVIII, p. 146, 1901, Maryland Geol.
Survey, Ceeil Co., p. 124, 1902.

PYROXENITE, PERIDOTITE AND SERPENTINE

Gabbros, as we have seen, are rocks that are usually composed of

soda-lime feldspar and a pyroxene.

Rocks that contain only pyroxene

as an essential constituent with little or no plagioclase feldspar are
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known as pyroxenites. When olivine is present in addition to pyroxene
they are termed peridotites. The pyroxenite-peridotite roeks are
eharaeterized ehemieally by a high pereentage of inagnesia or of magne-
sia and iron with a variable eontent of lime. They may be eonsidered
to represent the final differentiation produets of gabbro magmas and
are thus elosely associated with gabbro and grade into it. The variety
of pyroxene present in the roeck is dependent upon the eharaeter of the
agsoeiated gabbro, and various members of the pyroxenites and peri-
dotites have been given speeifie names that denote their preeise mineral
eomposition.

Sinee we have seen that the gabbro of Baltimore County, in its un-
altered State, belongs to the hypersthene gabbros it is not surprising to
find that the Baltimore County pyroxenites are essentially eomposed
of an orthorhombie ferromagnesian pyroxene, bronzite, or hypersthene,
and a lime-bearing monoelinie pyroxene that may be diopside or diallage
aeceording to whether the roek eontains more orlesslime. Such pyrox-
enites were named by Williams!? websterite beeause they oeeur abun-
dantly at Webster, North Carolina.

The peridotites of Maryland may be eonsidered as websterites that
are rieh in olivine. They are composed of bronzite, a ferro-magnesian
rhombie pyroxene rieh in iron, together with variable amounts of the
lime-bearing pyroxene, diallage, and olivine, and belong to the type
known as lherzolite.

The highly magnesian peridotites and pyroxenites, by the addition of
water, alter readily into serpentine, a rock that is eomposed ehiefly of
the mineral serpentine, a hydrous silicate of magnesium, or into soapstone,
a rock eomposed ehiefly of the mineral tale, another hydrous silieate of
magnesium. Peridotites usually alter into serpentine while tale is
generally derived from the pyroxenites. Tale contains less water and
more silica than serpentine and the olivine molecule contains less siliea
than the pyroxene moleeule so this relationship between pyroxenite and
tale is not surprising,.

17 Williams, G. H., Non-feldspathic intrusive rocks of Maryland: Am. Geolo-
gist, vol. VI, p. 44, 1890.
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Areal distribution.—There are numerous oeeurrenees of serpentine
within the large gabbro area that lies north and northwest of Baltimore.
They are loealized in general on the periphery of the gabbro intrusion.

The largest area lies on the western edge of the gabbro and extends
in an irregular shape from Oella northward to Hebbville, a distanee of
about 5 miles. Within this area there are oeeurrenees of lherzolite and
websterite, showing that the serpentine has been derived both from
peridotite and pyroxenite. Along the northern edge of the gabbro from
Randallstown eastward to Seotts Level, a distanee of 2 miles is under-
lain by serpentine and pyroxenite. Several small lenticular areas of
lherzolite oeeur along the upper reaehes of Gwynns Falls and along the
Western Maryland Railway at Sudbrook Park and Howardville. The
Bare Hills serpentine area lies at the northeastern extremity of the
gabbro. The original roek is here a lherzolite, that has been almost
eompletely altered to serpentine.

Along the eastern edge of the gabbro there are several oeeurrenees of
serpentinized peridotite and pyroxenite south of Mount Washington, in
Roland Park, southwest of Woodberry, east of Forest Park along the
Liberty Road and south of Rognel Heights on the Frederick Road.

One of the largest serpentine areas in Baltimore County is in the
region known as Soldiers Delight. Serpentinized peridotite is intruded
into the Wissahiekon oligoclase-miea sehist about 1 mile west of Delight
on the Reisterstown Road. The intrusion eontinues southward through
the Soldiers Delight hills and at Holbrook the pyroxenite gradesinto a
meta-gabbro which once more passes into serpentinized pyroxenite on
the banks of the Patapseo River. From Woodensburg on the Harris-
burg Division of the Western Maryland Railway to the Harford County
line, about 3 miles northeast of Whitehall on the northern Central
Railway, there are intermittent outcrops of serpentine, tale, and meta-
gabbro. From the Harford County line to Hereford the dike may be
known as the Blue Mount dike on aeeount of the large serpentine
quarry at Blue Mount. The trend is about N. 45° E. and the roek varies
from a massive dark-green serpentine to a white tale sehist. From
Hereford to Yeoho the outerop of the dike is lost. The roek that
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appears at Yeoho and eontinues southwest to Woodensburg may be
called the Yeoho dike beeause it is not continuous with the Blue Mount
serpentine though it appears to represent a eontinuation along the strike
of the Blue Mount dike. The rock of the Yeoho dike is a hornblende
gneiss derived from a quartz gabbro. It is not clear exaetly what is the
relation of the Yeoho dike to the Blue Mount serpentine, but it has been
pointed out by Overbeck!® that a line of fraeturing erosscs the county in a
northeast dircetion from Sykesville as far as Blue Mount. Along this
line basic igneous material has been intruded and subscquent to the
intrusion of igneous material magmatic water carrying copper in
solution rose along the zone of weakness, precipitating at intervals
copper deposits that have been of some commercial value. Copper
stains have been reported upon the serpentine at Blue Mount and it is
possible that the Blue Mount and Yeoho intrusions may represcnt a
continuation of the basic igneous material associated with the eopper
ores of Finksburg and Sykesville in Carroll County.

Origin of pyroxenites and peridotites.—It is generally eoneeded by
petrographers that the presence of highly magnesian rocks is due to a
differentiation of the heavier ferromagnesian constituents out of a
gabbroic magma. But two opposite ideas exist conccring the rclation-
ship of the magnesian differentiate to the gabbro with which it is geneti-
cally associated. 3

These two ideas are dependent upon whether differentiation be
assumed to take placc in a still fluid magma or whether the more calcic
differentiate be assumed to form only during crystallization of the
magma. At the high temperatures at which magmas are intruded rock
solutions are considered to be homogeneous. But there is a possibility
that as the temperature lowers homogeneous solutions may unmix, that
is scparate, into two parts, as for instance in the case of phenol and water.
Such possibility has been largely diseounted by the experimental work
of Vogt and Bowen upon artificial silicate melts. They find no evidence
of liquid immiscibility in rock solutions except in the case of sulphides
that show evidence of being immiscible portions in the silicate melt.

15 Overbeck, Robert M., Econ. Geol., vol. XI, No. 2, p. 151, 1916.
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Evidence is strong that differentiation takes place by the formation of
heavy ferromagnesian and calcie erystals that separate out of an initial
liquid having the approximate composition of a basalt. Such heavy
crystals settle through the liquid and accumulate upon the floor of the
magma chamber forming aggregates of the composition of a pyroxenite
or peridotite. Such aggregates have been characterized by Daly!
as a “raft of accumulated crystals.”” The residual liquid having been
depleted in the heavier constituents has become more salic and gradually
gives rise to diorite, quartz monzonite, and granite, according to the
stage of differentiation at which consolidation takes place.

Such an idea concerning the mechanics of intrusion demands the
localization of peridotites and pyroxenites upon the floor of the intrusion,
and the fact that the Baltimore County peridotites and pyroxenites are
localized along the border of the gabbro intrusion would seem to furnish
support to the hypothesis. But one great difficulty in Bowen’s ideas is
how to account for the injection of fluid peridotite and pyroxenite that is
intruded into alrcady solidified rock, such as the Soldiers Delight
serpentinized intrusion in the Wissahickon oligoclase-mica schist.
Williams?® has definitely stated that the pyroxenite and peridotites are
younger than the gabbros and support of his conclusion is seen in the
presence within the gabbro of numerous small lenticular patches of
peridotite such as occur south of Sudbrook Park.

Peridotite and pyroxenite occurrences in the gabbro might be ex-
plained as merely locally upwarped portions of the floor material but
such basic intrusions into the country rock can only be explained as an
injection of material in a fluid state. Bowen’s* explanation of perido-
tite intrusions is not entirely convincing. He claims that during

crystallization and settling of the olivine crystals a stage is reached where

the olivine is associated with about 50 per cent of liquid of such composi-
tion that the liquid and crystals are lherzolitic. The mixture might

1* Daly, R. A., The genesis of the alkaline rocks: Jour. Geol., vol. XXVI, p. 124,
1918.

2 Williams, G. H., U. 8. Geol. Survey, Bull. 28, p. 17, 1886.

2t Bowen, N. L., The late stages of the evolution of igneous rocks: Jour. Geol..
vol. XXIII, p. 31, Nov.-Dec. 1917 supplement.
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then be eruptible as a whole and injeeted as peridotite dikes. It is not
obvious, however, in what way an originally gabbroie liquid eould in its
lower portion beeome so depleted in feldspathic material that the
resultant roek would be a non-feldspathie intrusion.

It might be possible to think that the ‘“crystal raft” of pyroxenc and
olivine was melted by relief of pressure attendant upon the movement
of the half liquid, half solid olivine mush. This proeess was suggested
by Schweig,?? who says that inerease of pressure or fall in temperature
may cause erystallization of eertain econstituents that ecolleet in an
aggregate and are later refused by relief of pressure and then injected
into the eountry roek. The magma formed by refusion of olivine
erystals in a gabbroid liquid might attain the ecomposition of a pyrox-
enite but it is diffieult to see how a peridotite eould be explained in
such a way.

The Baltimore County peridotites and pyroxenites stand therefore
as an instanee of the difficulty that Bowen'’s theory of differentiation by
fraetional erystallization meets in explaining the formation of intrusions
that are more femie in eomposition than the assumed primary basaltie
magma.

Lithologic character—The lherzolite of Baltimore County is a dense
fibrous greenish-black rock in which glistening erystals of the ortho-
hombie pyroxene (bronzite) and small reddish-brown olivine erystals
ean usually be reeognized. In some places there are a few small white
erystals of plagioclase feldspar that nowhere amount to more than 5
per eent of the roek. The feldspathic peridotites represent a transition
between an olivine gabbro and a true peridotite. The olivine gabbro,
whieh contains from 25 per cent to 35 per cent feldspar, is of very rare
oceurrence, having been observed according to Williams? at only one
locality in Gwynns Falls near Windsor Road bridge. The feldspathic
peridotite is the most abundant type of peridotite but the amount of
feldspar present is always small. The peridotite is deseribed by
Williams® as noteworthy on aeceount of its porphyritic texture, showing
porphyritie erystals of pyroxene in a dense groundmass of serpentinized

*2 Schweig, Martin., Neues Jahrbuch, Beil. Band vol. XVII, p. 516, 1903.

# Williams, G. H., U. 8. Geol. Survey Bull. 28, p. 54, 1886.
# Williams, G. H., Am. Geol., vol. VI, p. 38, 1890.
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olivine. The restriction of olivine to the groundmass is cxceptional
beeause it violates the usual rule that olivine is one of the earliest con-
stitutents to separate in the solid state. But it is not strictly correet
to eall the Baltimore lherzolites porphyritic since the so-called por-
phyritic constituent does not reeur in the groundmass.

Williams?» has described the constituents seen in thin section as
bronzite in large yellow or colorless plates, diallage in colorless to green
crystals that show a more perfect cleavage than the bronzite and abun-
dant twinning lamellae, and olivine more or less altered to serpentine.
The feldspar when present is bytownite.

The websterite is a medium to coarsc grained grayish-green rock
with a silky lustre. Aecording to Williams? it is composed in some
places of hypersthene and diallage as in the outerop along Johnny.
cake road while in other plaees as at Hebbville on the Windsor road
an increase in the lime and deerease in the iron eontent is manifested in
the replacement of the iron-rich hypersthene by bronzite and of diallage
by the more ealcic diopside.

Chemical composition.—The chemical relation of these ultra-magne-
sian rocks is shown in the following analyses:

I nt ]

43.87
1.64
8.96
2.60

27.32
6.29

.50 tr.

= tr.
(ig.) 8.72 .52
12 - .15
.44 .32 .53

.19 17 .21
.24

100.75 | 100.03 | 100.39 | 100.52 | 101.74
Specific gravity 3.022 3.318 3.301 | 3.304 | 2.989

» Williams, G. H., U. S. Geol. Surv. Bull. 28, p. 51, 1886.
* Williams, G. H., Am. Geol., vol. VI, pp. 40, 41, 1890.
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T16. 1.= View of the earliest settlement on the site of Baltimore

F1a. 2.~ View of the present skyline from the Basin
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1. Porphyriti¢ lherzolite. Johnny Cake Road, Baltimore County. Analyst,
T. M. Chatard, U. 8. Geol. Surv., Am. Geol., vol. 6, p. 39, 1890.
I1. Websterite (hypersthene-diallage). Johnny Cake Road, Baltimore County.
Analyst, J. E. Whitfield, U. 8. Geol. Surv., Idem, p. 41.
III & IV. Websterite (bronzite-diopside). Hebbville, Baltimore County.
Analyst, J. E. Whitfield, U. 8. Geol. Surv., Idem.
V. Feldspathie lherzolite. Dike on Western Md. R. R. near Pikesville, Balti-
more County. Analyst, Leroy MeCay. Prineeton College, Prineeton,
N.J., idem, p. 39.

The ehemical composition of the bronzite and diopside eomposing
samples III and IV is given below:

-

O N . 54.54 51,80
AL@r 1.08 2.9
F6303 .......................................... 1.70 1.29
T O . e i e ] B.02 3.50
D, -0 O U S| 20 .51 Y1
(CE X015 306 500 SO SR ) 3 2.25 20,99
NB.;O ..........................................
{0 o e I R
J (£ 0 1.14 0.65
101000 8 S oI R P P 0.13
({0 S S I B S R | a0 51
32 010 S USSR S 24 ir
; 10056 | 0884

Specific gravity............... ... ... .. ...l 3.300 3,308
I. Bronzite }Analyses made by T. M. Chatard, U. S. Geologieal
II. Chrome diopside. Survey, Idem, p. 42.

Alterations of Pyrozenites and Peridotites

Serpentine.—The Bare Hills and Soldiers Delight serpentine areas
are examples of serpentinized peridotite. They are characterized by a
seanty vegetation of pine and eedar growing in a thin gray soil mantled
in spring with the purple ground pink or Phlox subaculata that is so
typical of areas underlain by serpentine rocks. The name “Bare
Hills” strikingly expresses the eontrast between the barren and rugged
appearance of the serpentine areas as contrasted with the more fertile
farming eountry that surrounds them.
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Two quarries that have been opened in the Bare Hills, one on the
Falls Road and one on Jones Falls, are being worked for building stone.
The serpentine is well jointed and the joints show the polished surfaees
that are so eharaeteristie of serpentine. These polished surfaees are
known as sliekensides and are eaused by a differential movement along
the joint planes produeing a frietion that polishes the surfaces. The
movement is due to an expansion in volume that takes plaee when the
minerals of the original peridotite are hydrated into serpentine. The
sliekensideded surfaees are eoated in many plaees with williamsite, a
beautiful brilliant green variety of serpentine, and with a little white
magnesite (earbonate of magnesia), that forms seams one-quarter to
one-half ineh in width.

The roek is bluish-blaek and massive showing original olivines and
reddish bronzite embedded in a matrix of blue-green serpentine. Ledges
of white soapstone earrying eonsiderable iron oeeur on the east side of
the Falls Road opposite to the quarry.

The oeeurrenee of ehromite in small quantities widely disseminated
throughout the Bare Hills serpentine area is of interest beeause it was
first noticed about 1828 by Isaae Tyson who later diseovered in other
Maryland serpentines the ehrome ores that were long the most important
souree of the world’s supply of ehromie iron.

The roek of the Soldiers Delight area is similar to that of Bare Hills.
Chromite oeeurs more abundantly in the Soldiers Delight serpentine
than in the Bare Hills area, and has been mined intermittently for
many years.

The serpentine of the Blue Mount quarry on the east bank of Gun-
powder Falls ranges from a dense dark blue to a light green roek. A
narrow band of bluish-blaek serpentine exposed in the quarry resembles
an indurated argillite at first sight but under the mieroseope it shows
only serpentine and magnetite. The main mass of serpentine in the
quarry shows under the mieroscope no traee of the original mineral,
being eomposed entirely of serpentine with some magnetite (filling the
eracks) and ealeite. No ehromite has been reported from this serpen-
tine but magnetite is disseminated in sueh amounts that in two plaees, a
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mile and a half southeast of Whitehall and two miles and a half north-
east of Whitehall, iron ore was mined in open euts about the time of the
Civil War.

Amphibolite.—The pyroxenites upon alteration pass into amphibolite,
a grass-green roek with silvery lustre. The ehief eonstituent is a
fibrous hornblende which in thin section is found to be smaragdite,
often altered to ehlorite. No serpentine has been noted in these am-
phibolites although the alteration of pyroxene through hornblende to
fibrous serpentine is by no means uneommon.

GRANITE

Granite, in the long-established usage of the name, signifies a roek of
even granular texture whose essential constituents are quartz, feldspar,
and a dark-eolored material that is usually biotite or hornblende. In
reeent years, however, the term has been limited in a strict sense to
roeks whose feldspar is predominantly orthoelase (potash feldspar).
When the pereentage of plagioelase (lime-soda feldspar) beeomes
notable, the roek is ealled a quartz monzonite and when the amount of
plagioelase present in the roek eonsiderably exeeeds that of the ortho-
elase the roek is known as a granodiorite, or if the feldspar is pre-
dominantly plagioelase, a diorite. For the purposes of this paper no
distinetion in general heading has been made between granite, quartz
monzonite, and granodiorite, but it should be noted that if we restriet
ourselves to the exaet use of the term, the granitie roeks of Baltimore
County are ehiefly quartz monzonites and granodiorites with only a
few instanees of true potassie granites.

There are indieations of at least three periods of granitie intrusion in
Baltimore County. The granites of the first period inject the Baltimore
gneiss whieh is the oldest sediment of the region. They are overlain
by Glenarm sediments and are therefore diseussed as pre-Glenarm
granites. The granites of the second period are intrusive in the Glenarm
series and are therefore ealled post-Glenarm granites. They show
evidenee of having undergone more deformation than the granites of
the third period, whieh are probably epi-Carboniferous.
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Pre-Glenarm Granites

HartLEY AUGEN GNEIss.—The pre-Cambrian sedimentary Baltimore
gneiss has been thoroughly permeated in places by a granitic magma
that has injeeted the original roek. The result of this early granitization
is seen in the lit-par-lit injection bands that is sueh a charaeteristie
feature of the Baltimore gneiss in some plaees. The souree of the
granitic material that has formed the injeetion gneiss is somewhat
difficult to establish beeause in the Phoenix anticline where the injection
gneiss is best exposed the only cvidenee of granitic magma is the satel-
litie pegmatites and aplites.

The main mass of the intrusive granite is probably to be found in the
anticlinal uplift of pre-Cambrian sediments that extends from Hartley
to Lake Roland. Granite forms the main eentral massif from the north-
east end of this uplift as far as Towson. On Long Green Creek north of
Hartley there is a fine exposure of granite that euts across the base of
the Setters and is therefore of Glenarm or post-Glenarm age. But
in this locality an even-texturcd medium-grained aplitic granite cuts
across the schistosity of a cataclastically deformed porphyritic granite
gneiss. Since the younger aplite intrudes Glenarm rocks and produces
an injection gneiss in the Wissahiekon oligoclase-mica schist, which is
well exposed at the Harford road bridge over Gunpowder Falls, it is
presumable that the older augen granite is pre-Setters in age and
represents the igneous magma that has in other places formed a banded
ribbon gneiss by its injeetion into the Baltimore gneiss sediments.

The porphyritic gneiss is called Hartley augen gneiss because it is
well exposed along Long Green Creek near Hartley. There are out-
erops of Hartley gneiss at MeDonough Station and north of Sudbrook
Park in the area of the Chattolance uplift. In general it is very difficult
to establish on the map the boundary between the Hartley gneiss and
Baltimore gneiss because of the lack of good outcrops and the Hartley
augen gneiss has thercfore not been differentiated from the Baltimore
gneiss or the Gunpowder granite.

The Hartley augen gneiss shows evidence under the microscope of its
strong mechanical deformation. Itisa porphyritic granite that has been
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erushed subsequent to eonsolidation so that the pink mierocline pheno-
erysts have been crushed and squeezed out into elongated and granu-
lated areas surrounded by schistose layers rich in biotite. The quartz
and feldspar erystals are granulated and mashed and the biotite laths
are sliced. The proportion of muscovite to biotite varies in different
localities and in some places there is more museovite than biotite.
There is a certain amount of aceessory plagioclase in the thin section
and rather abundant myrmekite, a miero-intergrowth of plagioclase and
vermicular quartz which is supposed to originate?” from the replacement
of potash in the potash feldspar by lime and soda aecompanied by the
liberation of a eertain amount of silica to form quartz. Myrmekite
oceurs on the border of mieroeline erystals and is often assoeiated with
plagioelase. Sederholm?® stresses the funetion of mineralizating agents
in the formation of myrmekite in order to account for the necessary
introduction of lime and soda and for the removal of potash in the
formation of plagioclase from microeline. He eonsiders that. the
production of myrmekite is attendant either upon the last stages of
eonsolidation in a plutonie magma or upon the initial stages of meta-
morphism. Most of the museovite is seeondary, probably derived
from the potash feldspar during the development of myrmekite.

Post-Glenarm Granaites

The post-Glenarm granitie roeks are represented by the Gunpowder
granite, the Port Deposit granite (granodiorite), and the Relay quartz
diorite. They are charaeterized by marked eataclastie deformation in
distinetion to the youngest granitie rocks that show only slight strain.

GunpowDER GRANITE.—From Little Gunpowder Falls at Reckord,
Harford County, to Big Gunpowder Falls, between Summerfield and
Harford Road bridge, there are numerous outcrops of a medium-grained
potassie granite that eontain biotite and muscovite in varying propor-
tions. This roek is called Gunpowder granite because of its fine out-
erops along Gunpowder Falls. The intrusive eontact between the

27 Sederholm, J. J., Bull. de la Comm. Geol. de Finland, No. 48, p. 134, 1916.
28 Jdem, p. 138.
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" granite and the base of the Setters is well exposed on Long Green Creek
north of Hartley, where the mica schist which is the lowest member of
the Setters formation is permeated with granite magma up to the level
of the quartzite middle member. The granite has thoroughly injected
the lower formations of the Glenarm scries and has formed an injection
gneiss by intrusion of granite into the Wissahickon schist. This injec-
tion gneiss is particularly well shown along Long Green Creek for a
distance of half a mile north of its entrance into Gunpowder Falls and
along the Harford Road north of the bridge over Gunpowder Falls.
At the latter place there are fine outerops showing that the sedimentary
biotite schist has been thoroughly permeated by a lit-par-lit intrusion of
granitic magma, which has penetrated along the bedding, forming
aplitic and pegmatitic layers of varying thickness that pinch and pull
and in places fray out into the enclosing sediments with the indefinite
boundary that has been called by Sederholm “nebulite.”

South of Greenwood the granitic intrusion cuts across the formations
of the Glenarm series that arc cxposed on the southeastern flank of the
Glenarm uplift. In two places southwest of Gunpowder Falls there are
outcrops of the massive quartzite member of the Setters formation.
There is an outcrop of Gunpowder granite in an old quarry northeast
of Govans but in general southwest of Cub Hill the relations of the
Gunpowder granite, Hartley augen gneiss, Baltimore gneiss and the
Glenarm series are completely obscured by the capping of Coastal Plain
sediments and by the northeastward extension of the city suburbs. The
shape of the granite area at Reckord, in Harford County, indicates that
it is probably intrusive into the gabbro although the contact is obscured.
The Gunpowder granite makes up a large portion of the area east of
Texas and west of Gunpowder Falls. It is associated with a porphyritic
biotite gneiss that rescmbles the Port Deposit granite but it has
been impossible to establish the relation of the igneous intrusions in
this area. The scarcity of outcrops, owing to careful cultivation of the
farms and country estates, makes it almost impossible to represent on
the map the contacts of the Gunpowder granite and porphyritic biotite
gneiss against the Baltimore gneiss and the outlines as indicated in the
areas just mentioned are approximate.
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Like the Hartley augen gneiss, the Gunpowder granite is characterized
by the presence of microcline and quartz with a variable amount of
plagioclase, biotite and muscovite. The texture is granitic with a
tendency toward the development of porphyritic feldspar and shows a
eertain amount of mechanical deformation. Accessory constituents
are scarcc. Thereisa little apatite and zircon. The essential difference
between the Hartley augen gneiss and the Gunpowder granite is the
highly porphyritic texture and the greater amount of biotite in the
Hartley augen gneiss.

PorT Drprosit GrRANITE.—There are several outerops in Baltimore
County of rock that has been correlated with the Port Deposit gneiss of
Cecil and Harford counties on account of its general geologic relations
and its lithologic similarity to that rock. Two small areas are intrusive
in the gabbro northwest of Baltimore. One is in the neighborhood of
Melvale on the Northern Central Branch of the Pennsylvania Railroad;
the other extends from Walbrook to Rognel Heights. Northeast of
Baltimore two elongated areas of Port Deposit granite intrude the
gabbro. They cxtend in a northeast direction across Gunpowder
Falls between its junction with Long Green Creck and its mouth. The
southeastern area crosses Little Gunpowder Falls between Jerusalem
and Bradshaw and extends northeast into Harford County. At Oak-

land, on North Branch of the Patapsco River, there is a small outcrop

of granite eutting the Wissahickon formation.

Northeast of Baltimore the rock is a gray porphyritic gneiss with
distinct bands of mica that alternate with quartz and feldspar layers.
The biotite is wrapped around the phenoerysts. In thin seetion the
roek shows a porphyritic igneous texture, with quartz and plagioclase
forming the porphyritic constituents. The groundmass is composed of
oligoclase and a little microcline, biotite and muscovite, associated with
abundant cpidote. Accessory minerals are scarce. Evidence of cata-
clastic deformation is undulatory extinction in quartz and granulation
of quartz and feldspar.

In the small granite area between Rognel Heights and Windsor Hills
an old quarry on Dead Run exposes a muscovite granite intrusion in a
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hornblende gneiss (meta-gabbro). It is a cream white rock eomposed of
quartz and flesh-pink feldspar banded with silvery flakes of museovite.
The mieroscope reveals such a dominance of mieroeline over plagioclase
that the rock may here properly be termed a granite. About onec-half
mile north of the Rognel Heights quarry therc is an outerop of por-
phyritie biotite granite on the west bank of Gwynn’s Falls. Biotite,
which is a very abundant eonstituent, is arranged in parallel layers
wrapping around small phenoerysts of quartz and feldspar. Under the
microscope the cataclastic cffects are apparent in the strained conditions
of the quartz and in the granulation and undulatory extinetion of the
feldspars. The phenocrysts are oligoclase, which frequently show
sharply defined zonal banding. The composition ranges from a core of
calcic oligoclase (Abg Any) through Abg Ang to a sodic outer rim
Abgy Angp. The prescnce of distinetly zonal feldspars in which the
eore is more ealeic than the border is characteristic of igneous roeks
whereas in reerystallization as pointed out by Becke?® the core is always
more sodie than the borders and the boundary line between the zoncs is
not sharp.

These zonal feldspars are relicts therefore of a porphyritic igneous
rock whieh has been cataclastieally deformed. Oligoclase is the
dominant feldspar and is considerably altercd to epidote, zoisite, and
muscovite. The rock corresponds closely in appearance to the Port
Deposit granite of Harford and Cecil counties and should be called from
the petrographie study a granodiorite near a quartz diorite.

The area between Rognel Heights and Walbrook is under cultivation
so that the relation of the muscovite granite and quartz diorite is
obseured and it is impossible to determine whether the two types repre-
sent, different periods of intrusion or whether the museovite granite is
essentially contemporaneous with the diorite magma.

The rock of the Melvale area is a porphyritic biotite gneiss in whieh
the igncous charaeter is obvious from the presence of phenocrysts.
The rock has many of the eharacteristics of the Port Deposit granite,

* Becke, F., Denkschriften der Kais. Akad. Wiss. Math. Nat. Klasse., Band
LXXV, p. 45, 1913.
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F1a. 1.-View of Charles Street and Washington Monument looking north as it was in
the 1840's

16, 2.—A recent view of the Washington Monument and Mount Vernon Squarce
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although there is more potash feldspar than in the outerop near Windsor
Hills. It probably represents the same intrusion.

The granite at Oakland is a potassie museovite granite with almost no
plagioelase and abundant museovite. It does not occur in an area
that can be mapped, but its intrusive relations to the Wissahiekon
oligoelase-mica sehist are execllently shown in a quarry at Oakland
on the west bank of the Patapseo where a fine-grained erumpled biotite
gneiss has been shattered and thoroughly permeated with a white
granite magma. The museovite granite has been intruded across the
foliation planes of the gneiss and fills eracks along joint planes and
along slip planes parallel to the schistosity. In places it eontains
ineluded fragments of the eountry roek. The age of its intrusion is
elearly post-Wissahickon and the fact that the bands of granite show a
faulting subsequent to intrusion indicates that it is probably older than
the Woodstock granite. The lithologic similarity between the granites
at Oakland and at Rognel Heights makes it probable that the two roeks
are the same and are a faeies of the Port Deposit granite. The gabbro
of Baltimore County is intrusive in the Wissahiekon formation and
sinee the granite at Rognel Heights intrudes the gabbro and sinee the
granite at Oakland euts the Wissahickon the age of the Port Deposit
granite is post-Wissahiekon. Therefore, sinee the Wissahiekon forma-
tion is eonsidered to be pre-Cambrian the Port Deposit granite gneiss
either belongs in one of the post-Laurentian periods of igneous activity
that aceompanied pre-Cambrian orogenie deformation or else is epi-
Ordovieian and assoeiated with the Taeonie revolution. It shows more
deformation than the Woodstoek granite whieh is probably epi-Car-
boniferous. The relations of the Gunpowder granite and the Port
Deposit granite gneiss are so far unestablished. Tt is possible that they
belong to the same period of intrusion and represent a loeal differentia-
tion of a eommon magma but no proof has yet been found for this
relation.

Chemical analyses.—An analysis of Port Deposit granite is given below
in Column I. Column II shows an analysis of roek from Rowlandsville,
Maryland, that probably represents a ealeie faeies of the Port Deposit
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granite. Columns 1II and IV represent the mineral composition as
recalculated from the analysis of the Port Deposit granite and the Row-
landsville rock respectively.

i I III Iv
SO S, St S 73.60 | 66.68|| Quartz................ 40 29.50
AlOs.eooeieiii i, 12.89 | 14.93|| Orthoclase............ 9 12.25
FeOszoooovivinnannninn. 1.02 1.58(| Albite................ 23.8 | 22.50
FeO....ovvvvvivvniin.. 2.59 3.23|| Anorthite............. 13.6 | 5.00
MgO...ocoovvvvnineannns .50 2.19| Biotite................ 9.7 | 14.00
Cal..oiviiinennnnnn. 3.74 4.89| Epidote............... 3.9 | 14.25
NaO..oovviivninnennn. 2.81 2.65|| Sphene................ 1.25
BEE@R. e el e oas St 1.48 2.05|| Apatite............... .25
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A0y ... LOWAR:. o .50
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. 99.78 | 100.13) 100.0 | 99.35

I. Granite. Port Deposit, Cecil County, Md. Analyst, Wm. Bromwell.
Grimsley, G. P., Jour. Cinn. Soc. Nat. Hist., p. 32, 1894.
II. Granite. Rowlandsville, Cecil County, Md. Analyst, W. ¥. Hillebrand,
idem, p. 24.
III. Mineral composition of Port Deposit granite calculated by G. P. Grimsley,
idem, p. 32.
IV. Mineral composition of Rowlandsville granite calculated by G. P. Grimsley,
idem, p. 25.

Relay quartz diorite—A pink quartz diorite composed of oligoclase,
quartz, and muscovite occurs at Relay on the Patapsco River. Itisa
much shattered rock with abundant secondary epidote and some allanite
surrounded by epidote. The area has been traced northwestward to
Woodberry on the northern edge of the city of Baltimore. A small
area borders the southwestern side of Lake Roland. Similar rock occurs
one-half mile east of Harford Road bridge on the south bank of Gun-
powder Falls, on the North Branch of the Patapsco River south of North
Branch, and on the Baltimore and Ohio Railroad north of the Davis
tunnel. This rock is associated in all its occurrences with gabbro and

in the outcrops on the Baltimore & Ohio Railroad near Relay it cuts
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across the gabbro with an intrusive contact. It injects the gabbro to
the north of it on Edmondson Avenue, along Gwynns Falls, Jones
Falls, and from Bare Hills to Mount Washington. North of the Davis
tunnel it cuts a biotite-muscovite granite that is analogous to the Gun-
powder granite. It is possible that the muscovite-quartz diorite repre-
sents a local differentiate of the Port Deposit granite gneiss in which the
potash of the potash feldspar has been erystallized as muscovite or it
may represent a different intrusion.

Epi-Carboniferous? Granites

The youngest granites are the Woodstock granite and the Ellicott
City granite. ‘

WoobsTock GRANITE.—The Woodstock granite outerops in a small
area of roughly elliptical shape. Its longest direction, from north to
south is a mile and threc-quarters and its greatest width is a mile and a
quarter. The center of the area is a mile and a half east of the junction
of North and South Branch of the Patapsco River. This granite has
furnished the material for an extensive quarrying industry that has been
in operation since 1835, and that has supplied material for many of the
. important public buildings in Washington and Baltimore. The shipping
point is Woodstock, a small station of the Baltimore and Ohio Railroad
lying on the Patapsco River about 1 mile southwest of Granite wherc
the chief quarries of the district are located. In November, 1919, the
only quarry in operation was the Guilford and Waltersville, or old
Branch quarry. The rock is broken into large blocks by several well-
pronounced joint systems. A horizontal jointing is so strongly de-
veloped that it gives a stratified appearance to the walls of the quarry.
The effect of weathering upon the jointing has been aptly likened by
Keyes?®® to “a great wall of cyclopean masonry, layer upon layer of huge
blocks rising one upon the other with the regularity and precision of
human workmanship.” Spheroidal weathering is well exemplified in
the upper layers of the quarry where large boulders 8 to 12 feet in
diameter show a series of concentric shells of decomposed material
surrounding a central ore of fresh rock.

3 Keyes, C. R., U. 8. Geological Survey Fifteenth Ann. Rept., p. 725, 1893-94.
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The Woodstock granite is a distinctive rock and in the hand specimen
is readily distinguishable from the Baltimore gneiss which surrounds it.
In the field the boundary between the two rocks is difficult to establish
becausc of the extensive cultivation of the distriet, which comprises the
low rolling hills of a fertile farm country. The fact that the granitc
usually strews the ground with boulders serves as a clue to its presence,
whereas the area underlain by Baltimore gneiss is often without any
rock outcrops over large distances. The granite is a medium to coarse-
grained light-gray rock with granitic texture. The chief constituents
visible in the hand specimen are feldspar, a mineral easily recognized
by its white or pinkish color and flat shining cleavage surfaces, together
with clear grayish or white quartz and abundant, cvenly disseminated
flakes of brilliantly sparkling black mica (biotite). The rock shows
numerous small ecrystals of yellowish-green cpidote, some of which
contain a deep-brown core of allanite. There arc a few specks of iron
pyrites with a brassy yellow luster.

Large fragments of a contorted biotite gneiss occur as inclusions in
the granite. These inclusions which are sometimes several feet in
length show by their sharp angular outline and their plicated structure
that they are chunks of the country rock that have been caught up by
the invading granite. In one quarry such a fragment of biotite gneiss
shows an injection of pink granite.

Under the microscope the texture of the Woodstock granite is granitic
with slight evidence of cataclastic deformation. The rock is composed
of quartz, potash feldsapr, lime-soda feldspar, and abundant biotite with
some muscovite and considerable epidote. The potash feldspar
generally shows the gridiron twinning indicative of microcline. The
lime-soda feldspar or plagioclase is a rather sodic oligoclase. Muscovite
appears, in some places, to be a primary constituent that has crystallized
simultaneously with biotite. In other places it is secondary to the
feldspar and developed along cleavage cracks in the feldspar. Part of
the epidote is primary and commonly surrounds cores of decply plco-
chroic brown allanite. It also occurs as a secondary growth associated
with biotite and plagioclase. Accessory constituents are pyrite, titanite
in large wedge-shaped crystals, apatite, and zircon. A characteristic
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feature of the Woodstock granite in particular, and of the biotite granite
and Baltimore gneiss in general, is the abundant development of
myrmekite.

Undulatory extinction in the quartz and a slight bending in the
muscovite plates shows that a certain amount of strain has been de-
veloped in the rock subsequent to eonsolidation.

The following analysis of the Woodstoek granite in Column I was
made by W. F. Hillebrand of the U. S. Geological Survey. It shows a
striking resemblance to the analysis in Column II by Wm. Valentine of
so-called biotite granite from the base of El Capitan in the Yosemite
Valley, California. This rock should more properly be described as a
granodiorite sincc the plagioclase is more abundant than the orthoclase.

A chemical analysis of epidote from the Woodstock granite, shown in
Column III, was used in eomputing the minecral eomposition of the
Woodstock granite, which is shown in Column IV.

I 11 111 1v

50 Ot S 71.79 | 71.08 37.63 || Quartz........... 26.52
\) {0 15.00 | 15.90 18.40 || Orthoclase....... 26.69
FesO.ooooiinnnenannnns 7t .62} 15.29 || Plagioclase....... 32.59
FeO .................... 1.12 1.31 : (AbaoAnzo)
MgO....oo v, .51 .54 .31 || Biotite........... 7.82
({0 I S, - 2.50 2.60 22.93 || Epidote.......... 4.31
NaO.ovvoiiiiiieinnn. 3.09 3.54 Muscovite....... 1.59
KO oo 4.75 4.08
181 {0 e .64 .30 21828
TiOgeovoeveeeeeann. .. 422 3.78
POs.oooooooveeee .10 .44
MRO:.........cceuuenn. 15 .31
1R O .04
Imel...........covvuan. | .12

100.17 | 100.60 101.32 99.52

I. Woodstock granite, Woodstock, Md. U. S. Geol. Survey Bull. 419, pp. 33,
1910. Analyst, W. F. Hillebrand.
II. Biotite granite, Yosemite Park, Cal., Am. Jour. Sci., 4th ser., vol. VII, p.
294, 1894. Analyst, Wm. Valentine.
III. Epidote, Woodstock granite. U. 8. Geol. Survey Bull. 64, p. 42, 1890.
Analyst, W. F. Hillebrand.
IV. Mineral composition of Woodstock granite.
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Ellicott City granite—A narrow outcrop of granite extends southwest
from Ellicott City on the Patapsco River to Orange Grove, a station
on the Baltimore and Ohio Railroad. In the neighborhood of Elllicott
City, where the Patapsco River has cut through the granite, several
quarries have been opened on both the east and west bank of the river.
The Ellicott City quarries have been worked as far back as the beginning
of the nineteenth century and rock from the Weber quarry on the west
bank of the Patapsco in Howard County has been used in the construc-
tion of the Baltimore Cathedral.

The rock is a massive biotite-quartz monzonite very similar in ap-
apearance to the Woodstock granite. It often shows a porphyritic
texture and the phenocrysts of flesh-colored feldspar are sometimes one
inch to onc and one-half inches in length. The uniformly pinkish cast
to the potash feldspar. combined with a tendency of the biotite to
segregate in patches between the feldspar crystals give a somewhat
more somber aspect to the rock than in the casc of the Woodstock
granite.

The microscopic texture is coarsely granitic with slight cvidence of
strain. The constituents are quartz, microcline, microperthite, and
plagioclase (a sodic oligoclase) with considerable myrmekite.

Biotite is the most abundant dark-colored mineral and shows fine
pleochroic halos around inclusions of zircon. Epidote occurs frequently
in large crystals with allanite centers. Titanite in large crystals is an
accessory constituent. Other accessories are zircon and apatite.

The intrusive relations of the Ellicott City granite are well shown in
the rock cuts along the line of the Ellicott City-Baltimore Electric
Railroad half a mile east of Ellicott City. The country rock is a much
contorted biotite gneiss of the Wissahickon formation. The granite
cuts across the gneissic banding of the rock and penetrates the gneiss in
small stringers or offshoots from the main granite mass. On the cast
bank of the Patapsco River, about half a mile south of Ellicott City,
the granite of the Webcr quarry is filled with inclusions of biotite gneiss
that are sometimes 5 or 6 centimcters long, showing that the granite has
invaded and in some places almost swallowed up the biotite gneiss.
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Between Ellieott City and Orange Grove the granite, whieh is asso-
eiated with pegmatite, forms a sill.

A differentiate of the Woodstoek granite oeeurs in the massive granite
that euts the biotite gneiss in the neighborhood of Dorsey Run. A
number of fine-grained dikes that probably represent apophyses of the
main mass eorrespond very closely in ehemical composition to the Wood-
stoek granite itself.

The presenee of biotite gneiss inelusions in both Woodstoek and
Ellieott City granites together with the faet that the granite shows small
deformation and never partakes of the schistosity of the gneiss indieates
that these granites were intruded during a period of igneous aetivity
that was later than the dynamie aetion that deformed the Baltimore
and Wissahiekon gneisses. This orogenie period might have been in the
latter part of the pre-Cambrian, or at the close of the Ordovieian, or at
the elose of the Paleozoie. The general absenee of metamorphism,
which is in marked eontrast to the deformation shown in the igneous
intrusives in the Glenarm series, suggests that the intrusion of those
granites may well have been as late as the elose of the Paleozoie.

The following table shows analyses of the granite, of the fine-grained
dikes, and of the biotite gneiss into whieh the granite is intruded.

I n I11

BIOF. Ll 62.91 70.45 48.92
ANGOF - e - Bt r et - e R 19.13 15.98 16.57
FezO; .................................... .98 .75 4.21
150590 20 s 0 O b R ot TR 3.20 1.84 9.18
IGON. oo e e LR 1.69 7 5.98
GRONY . oo AN e R L 4.28 2.60 9.69
INAROL . .o oee oot enle ot aa e el iela il 3.94 3.83 2.47
) o B S S S 3.38 3.59 1.56
{0 R L .63 .45 1.68

100.14 100.26 100.26

I. Average of four specimens of granite near Dorsey Run, Md. Analyst, W. F.
Hillebrand, U. 8. Geol. Survey, 15th Ann. Rept. Pt. I, p. 722, 1895,
I1. Average of four selected specimens of fine-grained dikes, Dorsey Run, Md.
Idem.
ITI. Folded gneiss. Dorsey Run, Md. Idem.
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ALASKITE-PORPHYRY

On the north bank of Patapsco Falls, about half a mile east of Dorsey’s
Run, there are outcrops along the Baltimore and Ohio Railroad of six
parallel dikes of a fine-grained white roek (alaskite), with oecasional
phenoerysts of quartz and feldspar. The dikes eut the Wissahickon
formation with a trend of N. 70° W. The Wissahiekon formation in
this loeality is intruded by a pegmatite that has been cut by the alaskitic
invasion. Although the alaskitie dikes are younger than the Wissa-
hiekon oligoclase-mica sehist they appear to antedate the deformation
that produecd the schistosity in the Wissahickon because they show a
complete recrystallization.

Under the mieroseope the fine-grained groundmass shows a erystal-
loblastie aggregate of quartz, microeline and seanty muscovite blades
with some garnets. The phenoerysts are very sporadie, quartz and
potash feldspar. The rock may be characterized as a thoroughly meta-
morphosed alaskite-porphyry and must represent satellitie dikes
aecompanying one of the older granitie intrusions.

PEGMATITES

Pegmatite is a peeuliar form of granitc in which the dark colored
minerals are seanty and the individual constituents attain an unusual
size. The large size of the feldspar and quartz crystals makes them
available for commereial purposes sinee they ean be readily broken
apart and sorted. Feldspar (both the potash and soda spar) is used in
the manufaeture of pottery and the quartz, known in eommereial
parlanee as flint, is ground to a fine powder that is also valuable in
pottery.

Miea is assoeiated with pegmatites in many places and sometimes
attains such large size that it becomes economically valuable. Various
rare minerals are aeeessory eonstituents so that pegmatite quarries have
long been a Meeea for the mincralogist, who finds there giant tourma-
lines, beryls, garnets, and other rare cabinet speeimens.

Pegmatites represent the residual mother liquor of the granite from
whieh the other dark-eolored minerals have been drained off, so to
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Fia. 2.—View of Homewood from the air
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speak. This resultant end produet of granite is a concentration of
steam, mineralizing vapors, and silica, which is the great solvent of all
rock magmas. Owing to the presence of many fluxes the viscosity of
the solution is redueed and therefore erystals are enabled to grow freely
and the roek attains an unusually coarse grain.

Boron, whieh is an essential constituent of tourmaline, is brought
in by the mineralizing vapors and the development of vein quartz and
pegmatite in all the erystalline rocks of Baltimore County is probably
associated with the later stages of granitic intrusion. In many places
the granite magma that furnished the pegmatite apophyses was the
Woodstock granite because the pegmatites, like the granite, are but
slightly affected by the sehistosity of the region, indieating that their
formation was later than the deformation that produced the recrystal-
lization of the schists. However, some of the pegmatites are genetieally
related to the earlier granite intrusions. The last stage of the granite
differentiation scems to have been the introduction of eopper-bearing
solutions along planes of struetural weakness.®

In Baltimore County pegmatites are of very common oecurrenee as
dikes in all the erystalline schists from the Baltimore gneiss to the Peters
Creek formation. These dikes vary from stringers, a few feet wide and
persisting for only a few feet, to intrusions of 500 to 600 feet width, which
may be traeed for a mile or more.

A series of four dikes, extending northeastward for a distance of 4
miles from Loch Raven to Glenarm, cuts the Setters formation, the
Cockeysville marble and the Wissahickon formation. On aecount of
their proximity to the intrusions of Gunpowder granite it is probable
that this pegmatite is a satellitic differentiate of the Gunpowder granite
magma. One quarter of a mile south of Hollofield several narrow
dikes trending northwestward eut aeross the sehistosity of the gabbro
and Wissahiekon mica sehist. On the east bank of the Patapseo River
the Produet Sales Company has mined these pegmatites to a small extent
for feldspar.

1 Overbeck, R. M., Economic Geology, vol. XI, No. 2, p. 151, 1916.
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DIABASE

A diabase dike crosses Baltimore County in a dircction that varies
from N. 5°E. to N. 35° E. It enters the county at the junction of Deer
Creek with the eastern county line and can be traced southwestward
for 30 miles to a point near Dorsey’s Run, where it crosses into Howard
County. It is the southwestern extension of a dike that appears south-
west of Lancaster, Pennsylvania. The width of this dike measured
from an outcrop in Pennsylvania is 90 fcet. The intrusion showed sharp

vertical contacts. Its outcrops in Baltimore County are never more
than a discontinuous trail of boulders. The most abundant outcrops

of boulders occur along Buffalo Creek, south of Bacon Hall, south of
Butler, and south of the Old Court Road in the Woodstock uplift.

A second intrusion of diabase lies parallel to the dike described above
and about 1 mile to the east. The only outcrops of this small dike that
have been noted are west of Belfast for a distance of about 3 miles and
for a little over 1 mile north from the Old Court Road.

Lithologic character—The diabase is greenish-gray medium to fine
grained dense rock showing sparkling feldspar laths in a dark ground-
mass of augite. Exposure to the weather coats the dark diabase bould-
ers with a deep-yellow crust of hydrated iron oxide. In thin section the
diabase is found to be composed of automorphic laths of labradorite
that look fresh in comparison to the interstitial augite which has been
considerably altered to hornblende and chlorite. Accessory apatite is
sometimes present.

Analyses.—There are no analyses of the diabase from Baltimore
County. The analysis given is taken from diabase of a dike west of
York, Pennsylvania, that extends southwest into Carroll County,
Maryland, 2 miles west of Baltimore County. The rock is of the same
type as the diabase of Baltimore County.
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DIABASE TWO MILES SOUTHWEST OF YORK, PA. ANALYST, F. A, GENTH, JR.,
PENNSYLVANIA SECOND GEOLOGICAL SURVEY, VOL. ¢, P. 122,
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Age.—In studies on the pre-Cambrian and Triassic diabase of Penn-
sylvania® it was found that the pre-Cambrian diabase is characterized
by a saussuritization of the feldspar and ehloritization of the augite
that has been carried to such an extent that it clouds the rock and
obseures the ophitie texture. Pyrite is a characteristic acecssory
constituent in the pre-Cambrian diabase.

The diabasc of Baltimore County resembles in its freshness, mineral
constitution and microtexture the Triassic diabase. The fact that it
crosses the eounty without offset shows it to be younger than the pre-
Triassic faults that eut the rocks of the region. Its strike is discordant
to that of the older rocks and is parallel to two diabase dikes lying farther
cast that originate in the Triassic shale and sandstones of Pennsylvania
and that are offshoots of larger diabasie arcas. The northeasterly dike
crosses Cecil and Harford counties and the central dike of the threce
extends as far south as Harford County.

Beeause of these reasons the diabase of Baltimore County is regarded
as Triassic in age. It represents an offshoot of the great mass of diabase
that was intruded during the Triassic period from New England
southward.

12 Jonas, A. 1., Pre-Cambrian and Triassic diabase in eastern Pennsylvania:
Am. Mus. Nat. Hist. Bull,, vol. XXXV1I, Article iii, pp. 173-181, 1917.




CRYSTALLINE ROCKS OF SEDIMENTARY ORIGIN

PrE-CAMBRIAN

BALTIMORE GNEISS

General discussion.—The Baltimore gneiss is the oldest roek of
Baltimore County. The name! was given to the formation on aeceount
of its fine outerops in the eity of Baltimore along the banks of Jones
Falls and Gwynns Falls. The term gneiss indieates that the roek has a
eoarsely foliated arrangement of its eonstituents, (see p. 99). In this
rock the gneissie texture is usually aceompanied by a definite banding
that may have been developed in one of several ways.

If the roek was a sediment deposited from moving water as well-
sorted material, arranged in layers, the banding represents what was
originally stratifieation. When a sediment is reerystallized it is known
as a paragneiss.

If, on the other hand, the rock is of igneous origin, the gneiss is known
as orthogneiss. The banding in orthogneisses is generally eonsidered to
have been produeed either during or subsequent to magmatie eonsolida-
tion. Banding that results during the ordinary proeess of eonsolidation
produees a so-ealled primary gneiss, whieh is eharaeterized by a normal
igneous texture; banding that is produeed by deformation during eon-
solidation may oceur in protoclastie gneisses, in whieh the first eon-
solidated portions of the magma are broken and deformed by movement
of the remaining fluid magma. The development of banding in rocks
subsequent to erystallization is described by some authors as being the
result of reerystallization under eonditions of high temperature and
unequal stress, whereby the original mineral eonstituents will tend to
adapt themselves to the new conditions by forming new minerals of
tabular or platy habit. The development of these tabular or platy
minerals will result in the produetion of foliated roeks, but it is not

! Willams, G. H., Geology of Baltimore and its vicinity: Extract from Guide
Book of Baltimore prepared for Am. Inst. Min. Engineers, Feb., 1892.
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particularly obvious why recrystallization under an oriented stress should
produce such a definite assortment of mineral constituents as to form
an alternation of mineralogically unlike bands sueh as are found in a
banded or layered gneiss.

Still another type of banded gneiss is caused by the injection of a
fluid granitic magma along the foliation planes of schists or gneisses.
Such invasion of a schist or gneiss produces what is known as an injeetion
gneiss. In general, therefore, it may be said that a banded rock is
cither a paragneiss, an orthogneiss, or an injection gneiss. To which
of these three types the Baltimore gneiss belongs will be discussed a
little later in the deseription of the formation.

Areal distribution.—In regions like Baltimore County differential
pressure has thrown the rocks into a series of longitudinal folds whose
axes are at right angles to the direction of shortening. The crowns of
these folds have been removed by surface erosion, and by the gradual
progress of erosion cating into the eore of the arch or anticline the earliest
formed rock is exposed at the eenter.

Outerops of Baltimore gneiss, determined by the processes of folding
and erosion, extend along three antielinal axes that cross the center of
the county in a northeast to southwest direction.

The anticlinal areas in which the Baltimore gneiss comes to the
surface may be designated as follows: Phoenix, Texas, Glenarm-Towson,
Chattolanece, Woodstoek, Alberton, Ben Run, and Baltimore City.

The Phoenix antieline, which is the largest and best exposed, enters
Baltimore County from Harford County, south of Jarrettsville. It
crosses Little Gunpowder Falls just north of Hess and extends 15
miles southwestward to Worthington Valley. Its maximum width of
5 miles extends from north of Monkton to Phoenix and the anticline
is here crossed by the valley of Gunpowder Falls. The line of the
Northern Central Railroad follows the gorge of the Falls and the rock
cuts furnish excellent exposures of Baltimore gneiss.

The Texas area, which lies south of the Phoenix anticline, comprises
about 5 square miles exposed in a dome-shaped disseeted upland located
a mile east of the town of Texas.
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The Glenarm-Towson anticline extends from 3 miles south of the
Harford-Baltimore County line southwest and westward to the valley
of Roland Run. It trends S. 60° W. for 8 miles and then turns abruptly
west.

The Chattolanee area of Baltimore gneiss lies south of Green Spring
Valley. It is a long narrow antieline 7 miles long and 2 miles wide.
Its northern and eastern face is a steep ridge.

Less than 2 miles south of the western nose of the Chattolanee
anticline, Baltimore gneiss again eomes to the surface in the Woodstoek
anticline. The 16 square miles eontained in Baltimore County form
only a small part of the total area of this anticline that extends across
the Patapseo River into Howard County and as far south as Laurel,
Maryland.

An area of Baltimore gneiss lies partly in Baltimore County and
partly in Howard County. This area, ealled the Alberton anticline,
is eut by the Patapseo River, and only the northern half, about a
quarter of a square mile in area, lies in Baltimore County.

The small Ben Run area of Baltimore gneiss lies east of the Woodstoek
antieline along the valley of Ben Run, north of Hollofield.

The Baltimore City area that lies on the north and west sides of
Baltimore shows what is probably only a remnant of an anticline
surrounded by gabbro and.granite and eovered on the hilltops by gravel-
eaps of Cretaeceous and Quaternary age.

Economic importance.—Large quarries of Baltimore gneiss have been
in operation along the banks of Jones Falls sinee about the beginning
of the last century.? The quarries on the west bank were operated
until 1830 when the Northern Central Railroad was built. The quarries
on the left bank have been almost eontinuously worked from the time of
opening till the present time. The largest were those operated by
Peddieord, Curley-Schwind, and Atkinson.

There are several old stone quarries along the west bank of Gwynns
Falls. They inelude those of David Leonard and John S. Sehwind.

? Mathews, E. B., An account of the character and distribution of Maryland
building stones: Maryland Geol. Survey, vol. I, Part ii, pp. 161-168, 1898.
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The only one in operation in 1928 lies south of the Edmondson Avenue
bridge and is being worked for erushed stone by the Gwynns Falls Stone
Corporation. It lies north of another opening now abandoned which
was operated by the same eompany in 1922-1924 and from which
material was taken at a still earlier time for the econstruction of the
IEdmondson Avenue bridge.

Some of the roeck from these quarries has been used for building
stone, but beeause its eolor is not pleasing unless the stone is laid with
care the larger part has been used for foundations and paving and for
road metal, for whieh there is a steady market.

Quarries have been worked for loeal building stone and road metal on
Herring Run near Hall Spring and Ivy. In the Phoenix area, quarries
have been worked near Sparks, Glencoe, Monkton, and Butler.

Lithologic character—The Baltimore gneiss varies in appearanee
from a heavily bedded granitoid gneiss of white or gray eolor to a thinly
layered ribbon gneiss of alternating light and dark bands. The grani-
toid faeies is so ealled beeause of the even granular texture of the mineral
constituents, while the banded facies shows the distinetly layered
arrangement of the eonstituents.

The granitoid gneiss is finely exposed at Sehwind’s quarry on Jones
Falls and also at the Gwynns Falls quarries near the Edmondson
Avenue bridge. See Plate IV. The quarry faces have been eut for
four or five hundred feet aeross the direetion of the strike which is
N. 60° E. A succession of heavy beds of light-colored biotite gneiss
range in thickness from half an ineh to six feet. These light-colored
feldspathic beds alternate with very thin black layers of highly biotitic
or hornblendie material. The remarkable straightness and persistence
of the beds is a striking feature of both quarries. In some places an
individual layer ean be traced for at least 100 feet in the quarry faee
with well defined boundaries. The prevailing dip is northwest from 30°
to 50°.

Intrusions of pink pegmatite and eoarse white granite eut aeross the
schistosity of the gneiss. Pyrite and garnet are abundantly developed
in association with the pegmatite. There have been two intrusions of
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pegmatite, and the younger pegmatite is eharaeterized by the absenee
of biotite in distinetion from the older pegmatite whieh is ecoarse-
grained and heavily biotitie.

The biotite gneiss is made up of white to pinkish feldspar together
with elear grayish or white quartz, in rounded or lentieular grains, and
flakes or specks of brilliant blaek miea (biotite). Both potash and
lime-soda feldspar oeeur. As in the quartz monzonites the plagioelase
(lime-soda feldspar) ean be distinguished from the orthoelase (potash
feldspar) by the presenee of fine parallel striations that may be seen on
the eleavage faees of the feldspar by the unaided eye or by means of a
hand lens. In some speeimens it is possible to reeognize a few rounded
reddish erystals of garnet, prisms of hornblende, and shining triangular
faces of magnetite. Under the mieroseope the roek is seen to be
thoroughly erystalloblastie and eomposed essentially of interloeking
areas of quartz and feldspar that have erystallized simultaneously.
The feldspar is ehiefly a sodie oligoelase. There is a eonsiderable
amount of potash feldspar, mueh of which shows the charaeteristie
plaid twinning of mieroeline.

Myrmekite developed on the border of mieroeline is a eharaeteristie
eonstituent of the Baltimore gneiss. As mentioned above, it is a miero-
intergrowth of quartz and plagioelase, whieh has not hitherto been noted
in the deseriptions of Baltimore gneiss and has doubtless been eonfused
with miero-pegmatitie intergrowth of quartz and orthoelase, whieh it
somewhat resembles. Although myrmekite has been regarded by some
writers as indieative of igneous origin, its presence eannot be eonsidered
eonelusive evidenece unless supported by additional proof. Beeke® has
pointed out that the only essentials for the formation of myrmekite are

the presenee of potash feldspar in eontaet with plagioelase.

Biotite is variable in amount, and in the biotitie varieties of the gneiss
generally makes up about 30 per eent of the roek, while in the quartzose
varieties it may not amount to more than 5 per eent. It is a deep
greenish-brown to straw-yellow in eolor, and is usually arranged in

3 Becke, F., Fortschritte der Mineralogie, Kristallographie und Petrographie,
p- 245, Jena. 1916.
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bands. It is also frequently ineluded in the feldspar. Charaeteristie
accessory constituents of the Baltimore gneiss are titanite, whieh is
usually abundant and well developed in large erystals, garnet, zircon,
apatite, and allanite, which oeeurs as inelusions in the biotite or inter-
grown with the titanite, or as eores surrounded by rims of epidote.
Primary calcite has been noted as an aeeessory constituent. In some
plaees the outlines of the zireon grains suggest the rounding caused by
stream erosion.

The Baltimore gneiss exposed in the Phoenix antieline is a distinetly
banded gneiss of such thin layers that it may be ealled a ribbon gneiss.
The black bands are usually rich in biotite and contrast strongly with
light colored layers of granitic appearanee. In some plaees the biotitie
bands fray out along their linear extension and merge into the surround-
ing rock mass. The granitie layers pineh and swell along their extension
and in some places show a sinuous outline eomparable to the shape of
Sederholm’s ptygmatic folds that have been formed during the intrusion
of a highly viseous magma into a softened and plastie eountry roek.
The rock as exposed in many places, notably above the west bank of
Gunpowder Falls, half a mile north of Gleneoe, shows a remarkably
intense folding. The contortion has been so great that the axes of the
folds aetually stand in a vertieal position. The general appearanee of
the formation suggests that the ribbon gneiss may have been formed
by an injeetion of granite’magma along the bedding planes of a sedi-
mentary roek. Subsequent to the igneous injeetion the roek has been
intensely deformed. To what extent ptygmatie folding has entered
into the development of the erumpling must remain largely a matter:
of eonjecture.

A large part of the Glenarm-Towson and Chattolanee antielines has
been intruded by the Hartley granite, which has eompletely replaced
the invaded roek. The Chattolanee anticline shows a similar intrusion
of granite into sedimentary Baltimore gneiss.

A large part of the Texas antieline is made up of the granitie Hartley
augen gneiss. The roek is heavily biotitie for the most part and the
blades of biotite are wrapped around the feldspar erystals or around
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lenticular areas of quartz and feldspar. In cross section such lenticular
arcas resemble eyes and the rock is therefore known as augen gneiss.
The feldspar is microcline, some myrmekite and accessory oligoclase.
The Hartley granite of the Texas area contains inclusions of rock
exceedingly rich in biotite and a narrow rim of Baltimore gneiss can be
recognized around the periphery of the intrusion. Associated with the
granite are a quartz monzonite and a hornblende granite that are also
probably intrusive into the Baltimore gneiss, although the lack of
outerops throughout the whole area makes it impossible to establish
the intrusive relations, or to determine the relative age of the igneous

rocks.
The Woodstock anticline is formed by a distinely banded biotite gneiss

similar in appearance to the rock of the Phoenix anticline. It is well
cxposed along the gorge of Patapsco Falls between Davis and the
junction of North and South Branch of the Patapsco where there is a
considerable amount of granite and aplite intruded into the Baltimore
gneiss.

The Baltimore gneiss of the Ben Run area is a biotite gneiss that has
been injected with pink pegmatite and granite, thereby producing a
banded gneiss that resembles the injection gneiss already described.
The gneiss is highly cataclastic and some of the biotite has been
chloritized.

The core of the Alberton anticline is a banded gneiss that presents no
new features. Its feldspar is microcline with myrmekite and scanty
oligoclase; biotite and muscovite are both present and secondary
epidote. Apatite occurs in very large crystals that do not show rounded
outline. Zircon is rather abundant and occurs in well-rounded grains.
The rock is thoroughly crystalloblastic in some thin sections. In others
it shows a rather anomalous texture that may represent a poorly de-
veloped hypidiomorphic texture.

Origin of the Baltimore gneiss.—ln considering the origin of the
Baltimore gneiss we are at once confronted with the same difficulties
that present themselves to the workers in most pre-Cambrian areas,
namely, that recrystallization has obliterated the original character
of the rock.
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In the ficld the roek of the Baltimore city area shows distinet evidence
of sedimentary origin in its remarkably persistent bedding and because
the various beds show a distinct difference in composition. In the hand
specimen the evidence of clastie origin is naturally obseure beeause the
thiekness of the individual beds is such that the hand speeimen often
does not show the sedimentary banding and therefore resembles a
granite. In the thin seetions of the Baltimore gneiss that were studied
under the mieroseope in preparing this report it was seen that the
mineral constituents have been reerystallized so that the quartz and
feldspar individuals oecur in closely interlocking areas, while platy
minerals, sueh as biotite and hornblende, have devcloped out of the
ferromagnesian material. The platcs of mica and amphibole are ar-
ranged in layers with their longer crystallographic axes parallel and all
the constituents show a tendcney to elongation and flattening. In
rocks where the constituents have been so thoroughly rcerystallized as
to lose their original eharacteristies the use of zireon as a eritcrion for
origin has been suggested, and eonsiderably stressed by several writers.
1t is based on the faet that while zircon in igneous rocks will usually
show well-defined angular erystallization faeies the zircon in sediments
will have a more or less rounded and water-worn appearanee. In
making use of this criterion it must be remembered that it is at best
somewhat unsatisfactory, sinee it is perfeetly possible that many zircon
grains in sediments may have preserved their angular charaeter unim-
paired while, on the other hand, in zircon from igneous roeks a strong
development of faces in the pyramidal zone with reduction of the prism
may result in an elliptical longitudinal seetion that is very difficult to
distinguish from one due to abrasion effeets.

In order to test the zircon grains of the Baltimore gneiss the grains
were isolated from two speeimens, according to the methods employed
by Derby,* Trueman,® and others.

One of the two speeimens studied was taken from Sehwind’s quarry,
Baltimore City, and represents a granitoid gneiss whose appearance in

4 Derby, C. A., Proc. Rochester Acad. Sci. I, p. 198, 1891,
s Trueman, J. D., Jour. of Geol. vol. 20, no. 3, p. 246, 1912.
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the hand specimen suggests igneous origin; the other came from the
north bank of the Patapsco River in the area of the Alberton uplift,
and represents a more or less banded rock, heavily biotitic. Each
specimen was ground to a powder that would pass through a 60-mesh
scrcen. The powder was then panned and the magnetite extracted
with a magnet. The residues were scparated with a Thoulet solution
and the resultant concentrates studied under the microscope. Practi-
cally all of the zircon grains indicate very clearly a rounded and well-
worn appearance that is suggestive of water-borne material. In many
grains the outline was distinetly pear-shaped, while in others the rounded
shoulders were developed unsymmetrically on opposite sides of the
grain in a way that can hardly be attributed to any development of
pyramidal faces that might be possible in a tetragonal crystal. Some
grains show distinet nicks on the side as if the grain had becn broken
by attrition and the fact that the edges of the nicks are smooth and
rounded precludes the possibility that the breaks were due to abrasion
in grinding the powder.

Chemical composition as a criterion for determination of original
igneous and sedimentary rocks has also been stressed. It was brought
out by Bastin® that when the magnesia in a rock is in excess over the
lime and the potash in excess of the soda a sedimentary origin is sug-
gested. Likewise, if alumina is present in the rock in amount con-
siderably larger than the 1:1 ratio demanded by the lime and alkalics
in the mincrals of an igneous rock, it suggests sedimentary origin.
And if, in addition to these two conditions, the silica content is decidedly
high, he considers the criteria of great valuc.

The recalculation from analysis 1 was made by allotting the various
constituents as nearly as possible to correspond with a measurement of
the mineral constituents in the thin seetion, given in column 3. The
iron and magnesia determination must be a little low sinee the garnet
computed is too low and the amount of iron and magnesia left for biotite
is not in sufficicnt amount to usc up all the alumina.

¢ Bastin, E. S., Jour. of Geol., vol. XVII, p. 445, 1909.
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An inspection of the two following analyses, however, would not
suggest a sedimentary origin of the Baltimore gneiss:

ANALYSES OF SPECIMENS OF BALTIMORE GNEIsSS COLLECTED IN THE
NEIGHBORHOOD OF BALTIMORE AND PHILADELPHIA:
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1. Biotite gneiss (paragneiss), Schwinds quarry, 29th and Remington Ave.,
Baltimore, Md. Analysts, Penniman and Browne, Baltimore, Md.

2. Composite sample from six different localities near Philadelphia, Pa. Analyst,
W. F. Hillebrand, U. 8. Geological Survey Folio 162, p. 3, 1909.

The evidence of original igneous or sedimentary charaeter furnished
by these analyses is not conclusive. In general, the dominance of soda
over potash and of lime over magnesia are indieations of igncous origin
and the percentage of silica and alumina is not suffieiently high to be
suggestive of sedimentary origin.
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But on the other hand there is no evidence of original igncous texture
in thin sections of Baltimore gneiss, and the appearance of the formation
in the field is fairly conclusive evidence that the massive granitoid
gneiss cxposed in the city of Baltimore represents a sedimentary
formation.

The approximate mineral composition recalculated from analysis 1
and analysis 2 is as follows:

Mineral composition
Calculated Measured
1 2 3

Quartz........o.ooiiiiiiiiiiiia.. 39 35 37
Plagioclase.................... ... ..., 44 33 40
Orthoelase...........cccovviveniiinnnnnn. 8 10 10
50 [ R 5 13 10
(€791 A S 1 5
Other accessories....................... 2 7

99 100

Field study shows that the ribbon gneiss facies of the Baltimore
gneiss has been produced by injection of igneous material into a sedi-
mentary formation.

An injection gneiss is usually characterized by a certain irregularity
and discontinuity of banding. The dark-colored biotitic layers that
represent the remnants of the original sediment may show a fraying out
at the ends of the bands due to a resorption action of the invading
magma. The presence of ptygmatic folds that are highly complex
primary folds developed during the injection of igneous material into a
softened schist is a characteristic feature of injection zones as pointed
out by Sederhiolm,” and others. The injection gneisses are produced
by a contact action of invading magma or sediments or schists and are
of the nature of a contact aureole around an igneous core. In the
development of injection gneisses in Norway, as described by Gold-

7 Sederholm, J. J., Neues Jahrbuch, Beil. Bd. XXXVI, pp. 491-512, 1913.




MARYLAND (GEOLOGICAL SURVEY 151

schmidt,® and in the Highlands of New Jersey, as described by Fenner,®
the relation of an igneous core to the surrounding rock is well established.

The banded gneisses of the Phoenix anticline show the diseontinuity
of banding and fraying out of layers, together with a complex folding
" that, as we have pointed out, may be ptygmatic in origin. The field
evidence therefore points to the injection of a schist by granite magma
as a cause for the development of the banded gneiss. The presence‘ of
pegmatites that have shared in the deformation of the enclosing gneiss,
of reerystallized alaskitie roeks that have undergone a morc intense
mctamorphism than is shown in the igneous rocks that cut the Glenarm
series all point to the existence of granite that antedates thc post
Glenarm intrusives. But it has not been found possible to definitely
establish in the field a relation between the plutonic intrusion that has
furnished the material for the injection and the injection gneiss. The
fact that the Hartley augen granite gneiss is older than the Gunpowder
granite suggests that the Hartley gneiss may represent the granitic
magma that injeeted the sediments of the Baltimore gneiss. The
absence of this older granite in many places as in the Phoenix anticline
may be due to the fact that erosion has not cut through the aureole of
injeetion gneiss and revealed the underlying batholith.

It is evident that the formation now mapped as Baltimore gneiss is a
record of a complex series of cvents during pre-Cambrian time. A thick
heavily bedded series of Arehcan sediments is well exposed in the
paragneisses of Gwynns Falls and Jones Falls. These sediments were
penetrated by a granitic magma that formed an injection aureole in the
more thinly bedded, upper horizon of the series. The banded gneiss
that oceurs in the Phoenix antieline and elsewhere, presumably repre-
sents this upper injeeted horizon of the old Archean sedimentary series.

After an erosion interval that may correspond to the ep-Archeozoic
interval 1 in which the Laurentian Mountains of Canada were degraded,

5 Goldschmidt, V. M., Geologisch-Petrographische Studien im Hochgebirge
des Siidlichen Norwegens. No. V. Videns. Skrifter I. Mat. Naturv. Klasse, 1920,
No. 10, 1921.

» Fenner, C. N., Jour. of Geol., vol. XXII, pp. 594-612, 694-702, 1914.

10 Pirsson, L. V., and Schuchert, Charles, Text book of geology, p. 445, New
York, 1915
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a sedimentary series was laid down over the surface of the Baltimore
gneiss. Still later a second intrusion of granitic magma, that possibly
corresponds to the Algoman granites of Canada is shown by the general
and in placcs abundant development of tourmaline as an accessory
constituent.

Correlation.—The Baltimore gneiss is the oldest rock of Baltimore
Cdunty and of Maryland. It is overlain unconformably by a thick
series of crystalline schists, the Glenarm series, which are themselves
unconformably overlain by Lower Cambrian rocks.!! The Baltimore
gneiss has been correlated with a similar gneiss in Pennsylvania,!?
which occurs in anticlines from southwest of Philadelphia to Chester
County. In Pennsylvania also it is overlain unconformably by the
rocks of the Glenarm series. It has been correlated®® tentatively also
with the pre-Cambrian series of Mine Ridge Hill anticline which is a
southern spur of the Honeybrook upland and a part of the Blue Ridge
Highland uplift. Here the Glenarm series is absent and basal Cambrian
rocks unconformably overlie the pre-Cambrian gneiss correlated with
the Baltimore gneiss of the region to the southeast.

THE GLENARM SERIES

The Setters formation, the Cockeysville marble, the Wissahickon
formation, and the Peters Creek formation together form a conformable
scries which is here considered to be pre-Cambrian. For convenience
in discussion the entirc series is here referred to as the Glenarm scries,
the name being taken from the Glenarm uplift 13 miles northeast of
Baltimore, where the lower formations of the series are typically de-
veloped around the nose of an anticline.

The Setters formation

The Setters formation™ received its name from Setters Ridge which
forms the north front of the Chattolanee anticline south of Green

11 Jonas, A. I., Pre-Cambrian rocks of the western Piedmont of Maryland:
Geol. Soc. of Amer. Bull., vol. XXXV, p. 361, 1924

12 Bascom, Florence, U. S. Geol. Survey Geologic Folio 162, p. 5, 1909.

13 Knopf, E. B. and Jonas A. 1., McCalls Ferry-Quarryville district, Pa.: U. S.
Geol. Survey Bull. 799, 1929

14 William, G. H., Geol. Soc. Am. Bull., vol. II, p. 308, 1891.
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Spring Valley. The ridge is flanked by Setters quartzitc whose re-
sistance to erosion causes the north face of the hill to stand out above the
more easily eroded limestone of the valley, forming a ridge about 160
feet in height.

Areal distribution.—The Setters formation directly overlies the Balti-
more gneiss and usually oceurs as an interrupted border around the
antielines. It eneireles the Phoenix arca of Baltimore gneiss except on
the southwest side. It borders the Texas anticline on the north and cast
and is well exposed east of Warren for a distance of a mile on both sides
of Gunpowder Falls where it has been cut into a steep gorge. The
Setters formation is well developed on the northern front of the Glenarm-
Towson anticline along a ridge that is the counterpart of Setters Ridge.
On the southwest side of the Glenarm-Towson antieline the Setters
formation extends from Mount Washington southeastward through
Govans to Lake Montebello and Herring Run at its intersection with
Harford road. On this side of the anticline the Setters schists do not
form a prominent ridge, and their outerop is interrupted by caps of
gravels. South of Montebello the gravels of the Coastal Plain deposits
cover any possible southward extension of the Setters formation. On
the southeast side of the Glenarm anticline the intrusion of the Gun-
powder granite has cut out the Sctters formation south of Greenwood
except for a small residual area of Sctters quartzite that extends from
Cub Hill northeast as far as Gunpowder Falls. The Sctters seetion
about the Baltimore gneiss of the Woodstoek anticline is thin and the
outerops poor. The only place where it forms a ridge is on the north-
western side of the anticline. The Sectters formation that forms the
border to the Alberton anticline, shows good exposures in the valley of
the Patapseo River, one-fourth mile west of Dogwood Run. The
Setters formation outcrops only on the east flank of the Ben Run
anticline, because the west flank has been cut off by a fault.

The formation comprises three lithologic types, a vitreous quartzite, a
mica schist and a mica gneiss. Where the base is observable it is a
feldspathic miea schist and the full section beginning at the base is mica
sehist, quartzite, mica schist, and mica gneiss. Quartz conglomerate
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was noted at two localities on the Phoenix anticline, west of Verona
and southwest of Hess. As the specimens were not in place it was
impossible to determine the relation of the conglomerate to the section.
The base of the Sctters formation in contact with the underlying Balti-
more gneiss is well exposed on the north side of the Phocenix anticline
west of Verona. Rock ledges 50 fect in height border Piney Creek for
an eighth of a mile along the site of a broken mill dam. The Baltimore
gneiss at this place is a banded gneiss in which heavily biotitic layers
alternate with pink feldspathic bands. The rock immediately overlying
the Baltimore gneiss is a feldspathic mica schist followed by a quartzose
mica gneiss that carries tourmaline. The mica gneiss is closely crumpled
and the tourmalines which lie parallel to the gneissic banding have
broken on the arches of the crumpling. These micaccous beds are 25
to 30 feet thick and grade upward into thick beds of massive muscovitic
quartzite. Evidence of thec unconformable nature of the contact
between the two formations is seen in the character of the deformation
which is more pronounced in the Baltimore gneiss than in the Setters
formation. There is also a divergence in average strike between the
two formations that amounts to about 20 degrees.

The base of the Setters formation in contact with the underlying
Baltimore gneiss is also exposed south of Tobin on the Reisterstown
Road. The section is similar to that on Piney Creek; tourmalines
appear in the mica schist 11 feet from the base and the feldspathic
micaceous beds pass upward into sericitic quartzite. The tourmalines
of the quartzite beds are arranged in lines on the bedding surface and
are sometimes as much as 10 inches long. In weathering tourmalines
scale off and leave grooves filled with porous siliceous material.

A third well-exposed contact between the base of the Setters formation
and the Baltimore gneiss can be seen on the eastern flank of the Alberton
anticline on the road from Hollofield to Alberton. The Baltimore
gneiss exposed along the edge of Patapsco River is overlain by 10 feet
of Setters mica gneiss spotted with biotite and carrying tourmalines.
After 15 feet of no exposures there follows a scries of biotitic and feld-

spathic quartzite, biotite schist and gneiss up to the top of the Sctters
formation.
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Long Green Creek has eut through the northeast extremity of the
Glenarm antieline, where there is exposed about 100 feet of miea sehist
between the Hartley augen gneiss and quartzite. At this loeality
granite injeetion probably assoeiated with intrusion of Gunpowder
granite has pegmatized the miea sehist up to the level of the quartzite.
The miea sehist is also exposed south of Long Green Creek, near Green-
wood, in ledges that eover considerable area. There are many exeellent
exposures of vitreous quartzite beeause of the ehemieal stability of the
roek and beeause of its resistanee to meehanieal erosion. Typieal
outerops oeeur in the ledges of quartzite that are exposed in the valley
of Long Green Creek east of Glenarm, and in the steep ravines eut into
the northern front of the Glenarm-Towson antieline. I'ine outerops
of injeeted Setters quartzite oceur on the north bank of Gunpowder
Falls near Summerfield. See Plate VI. Quartzite is well shown in
the eliff along the south bank of Gunpowder Falls east of Warren,
and in the exposures along Gunpowder Falls south of Phoenix; also
on the banks of Piney Creek in the neighborhood of Pine Hill and along
Indian Run northeast of Butler, and along the north and south faces of
the Chattolanee antieline.

North of Gleneoe there is an area of quartzite one-eighth of a square
mile in size and entirely surrounded by Baltimore gneiss. This area is
separated by half a mile of Baltimore gneiss from the main mass of
Setters quartzite to the west. The measured thickness of the beds is
750 feet but ineludes repeated folds of miea sehist and miea gneiss
interbedded with quartzite.

Economic importance.—The quartzite member of the Setters formation
is quarried to a small extent for road metal. Two quarries were in
operation in 1919. The larger is on the east bank of Piney Creek
three-quarters of a mile southeast of Pine Hill, the smaller is one mile
south of Liberty Road and Randallstown. Two quarries in vitreous
quartzite have been worked on the north faee of the Chattolanee
antieline, south of Stevenson and Rogers.

The biotite gneiss member of the formation attains its best develop-
ment on the northern faee of the Glenarm-Towson antieline. It has
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been quarried at Cromwell Bridge on the line of the Maryland and
Pennsylvania railroad. The quarry is eut into the hill against a north-
west dip of 30°. A good exposure of biotite gneiss oecurs half a mile
south of Phoenix along the banks of the Gunpowder Falls and also east
of Warren along the same stream. Coarse-grained biotitie gneiss and
biotitie quartzite are exposed in a cliff along the north side of the
Patapseo River three-fourths of a mile east of Hollofield.

Lithologic character.—Although the Setters formation has been ealled
Setters quartzite, the entire formation is not made up of quartzite but
is chiefly eomposed of miea sehist and miea gneiss. The quartzite,
which is resistant to erosion, forms eliffs and ridges and is a eonspieuous
member of the Setters formation. It is a coarse-grained, vitreous
quartzite speekled with pale pink kaolinized feldspar, and it eontains
silvery flakes of museovite developed along the bedding planes. Museo-
vite may be almost absent or may so predominate over the quartz that
the roek becomes a quartz-museovite schist. The rock is sometimes
stained a pinkish red or yellow eolor, due to the oxidation of magnetite.
Blaek tourmaline, which is charaeteristic of all the rocks of the region,
is especially abundant in the quartzite. In thin seetion the quartzite
is scen to be made up ehiefly of interlocking areas of quartz whieh show
strain shadows. The other eonstituents are straw-eolored blades of
museovite, a little mieroeline, some magnetite erystals, and a few
rounded zirecons. The original sand, whieh was rather pure, has been
thoroughly reerystallized, but the breaking of the tourmaline would
indicate that the rock has been subjected to some dynamic disturbanee
later than the reerystallization.

The mica schist is a fine-grained sehistose aggregate of biotite, quartz,
and subordinate feldspar. Garnets are usually abundant. The rock
weathers easily into a micaccous soil in which the red grains of garnet
are readily noticeable.

The Setters miea gneiss, where fresh, is a dark-gray to blaek, fine-
grained gneiss eomposed essentially of biotite, quartz, and feldspar.
When weathered, the feldspar becomes kaolinized and the aggregate of
light-eolored feldspar and quartz is speekled with fine flakes of biotite
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in sueh a way that the gneiss has been ecalled “pepper and salt rock.”
In some places biotite is loealized in large areas that give a spotted
appearanee to the roek. The miea gneiss eontains a small amount of
caleite that is sometimes secondary, but in other plaees it is evidently
primary. In thin seetion it is seen that the miea gneiss which is thor-
oughly erystalloblastie is largely made up of mierocline and abundant
biotite. Biotite is somewhat altered to ehlorite. The ehlorite eontains
many inelusions of rutile needles. Aceessory constituents are magne-
tite, zircon, tourmaline, and apatite in rounded grains. Pyrite, some-
times abundant, was formed later than the feldspar, and there is a small
amount of seeondary ealcite that was formed during the ehloritization
of the biotite. The presenee of tourmaline and pyrite and the ehloriti-
zation of the biotite together with the introduction of ealeite indieate
that the roek has been subjected to mineralization ageneies that have
produeed minor alteration.

Chemical composition.—The following analysis was made of the Set-
ters biotite gneiss from the upper part of the Setters formation on the
north faee of the Glenarm anticline, 3 miles northeast of Towson,

Maryland.
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NazO ........................................................... 0.82
GOL 0, 00 W v o v o e SroteTs o el e o ot o o Lol 9.97
1T o{0) N e o o S S e e S 1.59
O A e e e ] [ e S Y et Rl e = 1355
10 R B B 000 o 6o O R S BB 50 345000 koo 500 OB - JOBdbas 19
IO BT, S . oo ore e e roremabamsmare) « o SEIERFeTete o o Feteorrarersts o ayerererersle 03
1260000 do aog o oo o O TR - o o o T 6 00 o . o0 TR S | 07

1. Setters biotite gneiss. Cromwell’s Bridge Road, 3 miles northeast of
Towson, Maryland. Analysts, Penniman and Browne, Baltimore,
Maryland 1920.
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The most striking point in this analysis is the high percentage of
potash which is much higher than the potash content of normal shales.
A high potash content is generally indicative of a potassic igneous rock
such as a highly potassic granite or a leucite-bearing rock.

The percentage of potash in analyses of eomposite samples and in
averages of analyses of sedimentary rock and clays is as follows:

K0

2.67¢  Composite analysis of 27 Mesozoic and Cenozoic shales weighted in
reference to the mass of formation represented.

3.60°  Composite analysis of 51 Paleozoic shales similarly weighted.

1.32 Composite analysis of 253 sandstones.

Alkalies (KiO + Naz0)
2.77%  Average of a number of analyscs of brick clays from different parts of
the United States.

Some sediments and slates of sedimentary origin contain, however,
an unusually large amount of potash. The Cartersville formation of
Georgia contains particularly striking examples of highly potassic
sediments. An average of 59 analyses of Cartersville slates show 8.26
per cent of K.O and three analyses run over 10 per cent, the maximum
being 10.20 per cent of K;0. The Cartersville formation, which is of
lower Cambrian age, consists of a sedimentary scrics comprising slates,
light-colored shales, feldspathic sandstones and quartzites. The
slates are, as might be expected from the analyses, highly micaceous.
The following Table I shows an average of six analyscs of the Cartersville
slate in which the potash content ranges from 4.22 per cent to 10.20
per cent, also an analysis of micaceous slate and feldspathic sandstone
from the same formation. To these analyses have bcen added for
purposes of comparison an analysis of Devonian black shale from the
Morenci district, Arizona, two analyses of clay derived from upper
Cambrian rocks in Wisconsin, one analysis of Ordovician slate from
Minnesota, three analyses of mica schist from the lower Cambrian of
Pennsylvania, and an analysis of a eonglomeratic paragneiss from the
Dalton formation in western Massachusetts. Table II shows the
mineral composition of the Setters biotite gneiss as calculated from the

e Clark, F. W, U. 8. Geol. Survey Bull. 591, p. 23, 1915.
¥ Ries, Heinrich, U. 8. Geol. Survey Prof. Paper 11, p. 45, 1903.
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TABLE I.—ANALYSES SHALES, SCHISTS AND SANDSTONES

|
I 1I 111 v v VI VII | VIIT | IX X XI

52.88 | 68.40 | 61.25 | 62.59| 62.97, 66.35 | §8.97| 56.35 56.28 71.82

20.43 | 14.44 | 15.60 | 17.42 18.42| 18.63 | 22.61) 22.28 20.88] 13.12
6.56 | 3.58 | 1.35 5.88) 3.36 6.10 5.67| 3.21) 3.56 41
2.16 .56 | 3.04 2.69 .

1.96 .20 | 4.16 1.24 1.03) 2.97 .25 1.400 1.71
.00 .00 3.40 00, .00 .96 08 19 1.12 .54
26| 47| .44 52| .56 .25 32| .38 1.00 .87
9.151 7.77| 6.74 8.08/ 8.68 7.37 7.34| 12.63) 10.24 7.17
549 2.71| 2.71 4.15] 4.97( 7.22% 3.73] 2.89 3.32] 2.56
7 .96 .66 .30 .35 .65 1.11 .82 2.79 .86
1 .07
099 .08 .07 .18 19 .14
62 .07 Tr. .02
I .02
{ .25 |
.03 .
.03

| 99.77 | 99.750] 99.71 | 99.81 | 100.18| 100.34| 100.59| 100.15| 100.31, 101.09| 100.20

¢ Ine. ig.

1. Average of eix analyeee of Cartersville elate made for Georgia Geological Survey. Geol. Surv. of
Ga., Bull. No. 34, p. 134, 1918,

II. Slate from Cartersville formation, Georgia. Analyees made for Georgia Geological Survey, idem,
p. 148, Microecopic examination shows finely cryetalline matrix of eericite with abundant feld-
spar and magnetite and hematite with ecanty chlorite.

II1. Feldspathic sandetone from Cartersville formation, Georgia, idem, p. 151.

IV. Black shale (Devonian), Morenci dietrict, Arizona, Analyet, W. F, Hillebrand, U. S. Geological
Survey, Prof. Paper No, 43, p. 130, 1905, Microecopic examination ehowe a cryptocryetalline
aggregate that ie probably kaolin, with some epidote and a doubtful mineral, poesibly glauconite.
There is no sericite.

V. Blueclay (upper Cambrian), Merillan, Jackson County, Wieconsin; A nalyses made by 8. V. Peppel
for Wieconsin Geological Survey. Wieconsin Geol, and Nat. Hist, Surv. Bull. No. 7, Pt. I, p.
240, 1901. Interlaminated with thin layers of Potsdam sandstone; grains varying from 14 mm. to
004 mm. in diameter and only quartz and kaolin can be recognized under microecope.

VI. Clay (upper Cambrian), idem, p. 273.

VII. Decorah shale (Ordovician), West St. Paul, Dakota County, Minnesota, Analyst, F. F. Grout,
U. 8. Geol. Surv, Bull. 678, p. 152, 1919,
VIII. Sericite echist (lower Cambrian), north of Philadelphia, Pennsylvania, Analyet, F. A. Genth, Jr.,
Sec. Geol. Surv. Pa. Rept. Vol. C. 6, p. 116, 1881,

IX. Sericite schist (lower Cambrian), near Willow Grove, Pennsylvania, Analyst, F. A. Genth, Jr.,
idem., p. 121,

X. Micaceoue elate (lower Cambrian), Fort Washington, Pennsylvania, Analyst, F. A. Genth, Jr.,
idem, p. 124.

XI. Dalton formation (lower Cambrian). Composite analyeis of 36 samples from western Massa-
chusette. Analyst, R. C. Welle, U. S. Geol. Surv. Bull. 597, p. 34, 1917,
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analysis and the thin section eompared with the mineral eomposition
of the Cartersville slate ealeulated from average analyses.

It may be seen from the above analyses that while the potash eontent
shown in the analysis of the Setters gneiss is unusually high, it is by no
means indieative of igneous origin. The Setters gneiss was probably
derived from an argillaceous arkose or a feldspathie mud that was
unusually rieh in potash feldspar and white miea. In this eonnection
it is interesting to note that the Baltimore gneiss is intruded by the
highly potassie Hartley augen gneiss that probably furnished mueh of
the material for the formation of the basal arkose of the Setters
formation.

TABLE II.—MINERAL COMPOSITION OF SETTERS MICA GNEISS

1 2

Orthoelase......... ... . i, » 40 .56 30.87
Biotite. .. ... ... .. 2026
Muscovite or serieite............... . R 7.58 30.82
(UG L/ P S S NS 17.16 18.17
Plagioclase AbzpAnge................o ... .50 4.15 (Albite)
Chlorite. . ......... i, 0 o 5.35
Magnetite.................... . L (3 6.10
Hematite . ............. B s 1.36
Rutile . ............ > 1.52
Other minerals........ . . 1.21 1.26
Excess water........................ &1 1.69
| o0 64 99.77

1. Mineral composition of Setters mica gneiss.
2. Mineral composition of Cartersville slate and shale calculated from average
analyses.
Geol. Surv. of Ga., Bull. 34, p. 24, 191x».

A number of pegmatite dikes that are probably assoeiated with the
Gunpowder granite intrusion eut both the Setters formation and the
Cockeysville marble of Minebank Valley. It is possible that some of
the potash in the Setters gneiss may have originated through mineraliz-
ing ageneies whose aetivity is evideneed in the abundanee of tourmaline
in the Setters formation.
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Thickness.—The Setters formation attains a thickness of 1000 fect,
as measured on the northern face of the Glenarm-Towson anticline at
Oakleigh. The base and the top of the formation are eoncealed at
Oakleigh, but by estimate obtained from exposures a few miles to the
northeast the full seetion from top to bottom is as follows:

SETTERS FORMATION

Feet
Biotite gneiss, calcareous in part (concealed) .................... 300
Fine-grained biotite gneiss...............ooviiiiiiininiunn.n.., 300
Mica schist
Garnetiferous mica schist| ................co oL, 100
Feldspathic quartz schist
Tourmaline quartz schist
* Muscovite quartzite |...........ccoiiiiiiiiiiii i 200
Feldspathic quartzite
Mica schist (concealed)..............oooviiiiineninnnnn... 100
Total thickness.......ovvitieeiiininrenireninienernneennnn, 1,000

Age.—No fossils have been found in the Setters formation in Maryland
and the determination of its age must therefore rest upon stratigraphie
relations. Williams™ in 1892 deseribed the Setters quartz sehist as
grading into the Baltimore gneiss by impereeptible transitions, and he
suggests that it is a faeies of the gneiss produeed by some dynamie
agency aceompanied by fumarole aetion.

Subsequent work by Bascom in the neighborhood of Philadelphia led
to a tentative eorrelation of the Setters quartzite of Maryland and the
Chickies quartzite of Pennsylvania,'® which is lower Cambrian. From
a close study of the lithology and general relations of the Setters forma-
tion this eorrelation does not now secem warranted, and the Setters
formation is here considered to be pre-Cambrian. The reasons for this
deeision will be given later in a detailed diseussion of the age of the
Glenarm series.

18 Williams, G. H., Geology of Baltimore and its vicinity. Crystalline rocks:
Guide Book of Baltimore, prepared for Am. Inst. of Min. Eng., p. 105, Feb., 1892,

1¢ Bascom, F., U. 8. Geol. Survey Geol. Atlas, Philadelphia Folio, No. 162,
p. 5, 1909.
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Cockeysville Marble

The Cockeysville marble is named from the small town of Cockeysville
that has long been the center of the marble-quarrying industry of
Baltimore County.

Areal distribution.—The Cockeysville marble overlies the Setters
formation on the flanks of the anticlinal arches and forms around the
arches long valleys to which local names have been given. In some
places in the Phoenix anticline it overlaps the thin Setters deposits and
rests directly upon the Baltimore gneiss. Around the Phoenix anticline
the marble lies in Verdant Valley, Oregon and Worthington valleys, in
Stringtown and Western Run valleys. South of the Phoenix anticline
the Cockeysville-Texas Valley, which extends north and south, connects
Oregon Valley with the Green Spring and Minebank valleys, which lie
north of the Glenarm-Towson and Chattolanee anticlines. South of
Green Spring Valley the marble forms the valleys of Roland and Moores
Branch. The Cockeysville Valley widens to the east in Dulaney Valley
and the limestone forms the valley of Gunpowder Falls extending north
as far as Royston Branch.

The marble borders the Setters formation on the northern and eastern
sides of the Woodstock anticline and encircles the small anticline of
Alberton.  Two areas of marble oceur a quarter of a mile apart, south-
east of Davis. They lie on the northeastern end of a syncline that
extends southwest across the Patapsco River and through Howard
County.

There are also four outerops of marble completely surrounded by over-
lying Wissahickon mica gneiss and exposed where erosion has removed the
cover. The largest extends northeast of Long Green as far as Baldwin.
Another called “The Caves” lies south of Chestnut Ridge. Two small
areas are not more than a quarter of a mile in length; one is situated
northeast of Glencoe; the other along Ben Run, 2 miles southwest of
Hebbsville.

Economic value—The marble, as noted above, occupies valleys that
are the result partly of stream action and partly of solution, to which
the chemical character of the rock lends itself. In spite of the ease with
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which the marble weathers, there are many well-cxposed outcrops in
Baltimore County. The opening of numerous quarries has made acees-
sible many cxccllent sections of the formation. The only quarries
worked at present (1919-1920) are the quarries of the Beaver Dam
Marble Company at Cockeysville; two at Texas, Feeney’s and Lind-
say’s; a quarry worked by H. T. Campbell, east of York Road, north of
Texas; and a quarry on Moores Branch west of Green Spring Avenue
belonging to MeMahon Brothers. The quarries of the Beaver Dam
Marble Company are operated for building and ornamental stone, and
those at Texas for burning lime. The coarser-grained marble dis-
integrates readily into lime sand and is mined locally and used without
burning.

There are abandoned quarries in Dulaney Valley and to the north
along Gunpowder Falls, in Worthington and Stringtown valleys, near
Butler and Belfast, in Green Spring and Minebank valleys,—in fact,
throughout the whole extent of the Cockeysville marble. They date
back to the time when labor was eheap enough to make it profitable to
quarry marble for local use as building stone and lime for burning.
Seareity of labor and not the quality of the stone has greatly reduced
what was formerly a flourishing and profitable industry in Baltimore
County.

Lithologic character—The Cockeysville marble is a completely erystal-
line white marble of variable grain. It ranges from a fine-grained
marble to a coarse, sugary rock locally called alum stone. The marble
in many plaecs is dolomitie but the caleareous and magnesian faeies can
not be separated in mapping.

Certain beds are gray or pink in eolor and frequently eontain phlogo-
pite. Clark and Hunt!” have deseribed the miea from the grayish-
brown dolomitie marble as showing the optieal properties of phlogopite
but the ehemieal composition of musecovite.

17 Clark, R. W., and Hunt, W. F., Centralblatt fiir. Min. Geol. und Pal., No. 23,
pp. 666-668, 1915.
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The following section showing alternation of calcitic and dolomitic
marble was made by W. J. Miller!® in his study of the Cockeysville
marble:

SECTION SHOWING ALTERNATIONS OF CALCITIC AND DOLOMITIC MARBLE

Ft, In,
Medium grained, caleitic............cooviiiiiiiiiiiinn. 5
Rather coarse grained, clear, white, calcitic................ 1 2
Coarse grained, bluish, pyrite, caleitic..................... 4.5
Very fine grained, friable, dolomitic....................... 1.5
Very pure, coarse-grained, calcitic......................... 6
Fine grained, gray, micaceous, dolomitic................... 10
Fine grained, grayish-brown, impure, caleitic.............. 4
Fine grained, pure, dolomitic..............covuveevnenn.n. 6
Medium grained, blue, caleitic...............cooiiiiiinenn ik 8
Medium to coarse grained, white, caleitic.................. 10
Fine grained, pure, dolomitic................coooiiiiiaian, 7
Medium grained, blue, caleitic........cvvvvevueriieeienenns 1 5
Fine grained, white, dolomitic....................... ... .. 5
Medium to coarse grained, brown, caleitic............... Son
Medium grained, impure, bluish, caleitic................... 1 6
Fine grained, micaceous, gray, dolomitic................... 2
Medium grained, pale blue, impure, caleitic................ 1 8
Coarse grained, white, caleitic................. ... .. ... 2)
Fine grained, brown, dolomitic............................ 1 5
Medium to coarse grained, caleitic..................... ..., 1 11
Very coarse grained, white, caleitic........................ 9
Fine grained, brown, dolomitic...................... .. ... 2.5
Medium grained, blue brown, caleitic...................... 4 6
Fine grained, micaceous, white, dolomitic.................. )
Coarse grained, pure, caleitic...............ooviiiuiininn. 5
Fine grained, micaceous, dolomitic........................ 2)
Coarse grained, white, caleitic............................. 4
Fine grained, micaceous, dolomitic...............o.oovun I
Coarse grained, pure, white, caleitic....................... 1
Fine grained, pure, dolomitic...................... ... ... 1 2
Fine grained, micaceous, dolomitic...................0vuu. 6
Fine grained, brown, dolomitic.................... ... ... 7
Coarse grained, pure, friable, caleitic...................... 2
Fine grained, brown, dolomitic.......................oouu 1
Coarse grained, pure, ecalcitic.................. ..ol 1.5
Fine grained, brown, micaceous, dolomitic................. 3
Coarse grained, pure, caleitic.............oveiiiina... 10
Fine grained, micaceous, dolomitic........................ 2)
Faulted, beds disturbed, calcite veins...................... 10
Fine grained, dolomitic beds...................... .. ... 12
Medium grained, light blue, caleitic........................ 4
TG Mo 006 00 88866G 0 00 60 0 o 0 00 B IIECA S S REL CaE 00 73

18 Mathews, E. B., and Miller, W. J., Cockeysville marble: Geol. Soc. America
Bull,, vol. XVI, pp. 350-351, 1905.
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The analysis does not show suffieient silica to make a magnesian mica
of the eomposition of phlogopite, but it would seem more probable
that the miea, whieh is charaeterized by a small optic angle, praeti-
cally zero, is really a variety of biotite, rather than a muscovite of such
anomalous optical properties.

Tremolite and diopside are often developed in the impure beds, and
occasionally garnet, asbestos, tale, chlorite, epidote, titanite, and
pyrite occur. Even in the purer marble the presenee of quartz and
feldspar ean be deteeted mieroscopieally. Caleite is thoroughly
recrystallized and shows the effects of pressure in the devclopment of
twinning. Caleite is the most mobile of rack-forming minerals and
yields readily to pressure by movement along gliding plancs. Phlogo-
pite is the only mineral with a strong cleavage that has formed in the
marble. Pressure has developed the double twinning of microline in
the feldspar and strain shadows in the quartz. The marble of some
localities is speckled with black grains of rutile.

Chemical composition.—Three analyses of the Cockeysville marble
are given below.

I I 11

S (0 2 T 0.44 insoluble 5.57 3.88
AlOs. ..o ) (2> .40 1.24
Fe,O; ..............................
FeO....oooviiiiiiiiii i trace 0.32
MO, ..t iiiie s 20.87 20.30 20.41
(G R 30.73 29.08 30.06
(0 S S S 45.85 44 .26 43.93
MnO.....oooviviiiieiiiienennnnn, 1.22 0.02
D TSy T R A R P 0.06

100.33 99.61 99.92

I. Cockeysville marble. Analyst, T. E. Whitfield, U. S. Geol. Survey, U. S.
Geol. Survey Bull. 60, p. 159, 1890.
II. Cockeysville marble. Analyst, E. A. Schneider, U. S. Geol. Survey, U. S.
Geol. Survey Bull. 150, p. 301, 1898.
ITI. Cockeysville (Mar Villa) Marble. Analyst, W. F. Hunt, Centralblatt fiir
Min. Geol. und Pal., No. 23, p. 666-668, Dce. 1, 1915.
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The rocks analyzed above show about 40 per cent magnesium car-
bonate and are almost pure dolomite in composition.

Correlation—Fossils have not been discovered in the marble of
Maryland or Pennsylvania but the Cockeysville marble overlics the
Setters formation and is overlain by Wissahickon oligoclase-mica
schist, which shows that a period of calcareous deposition was preceded
and followed by arenaccous and argillaceous deposition. The Cockeys-
ville marble resembles the Doe Run-Avondale marble of Pennsylvania
in composition, texture, and geologic relations, and is probably to be
correlated with the Doe Run-Avondale marble. )

Thickness.—The thickness of the Cockeysville marble as estimated in
Minebank Valley, between Setters Ridge and Providence Hill, is 400
feet. The marble overlies the Setters formation at Loch Raven village
and dips 45° N. W. under the Wissahickon schist exposed at the first
dam of the Loch Raven reservoir. Study of the abandoned quarries
in Minebank Valley show that the apparent isoclinal dip of the marble
along Loch Raven is due to repeated folding, and although the apparent
thickness in this section is 1,000 feet the real thickness of the formation
probably does not exceed 400 feet.

Igneous intrusion.—Granitic pegmatites are the chief igneous rocks
that penetrate the formation. In Baltimore County the mostimportant
pegmatites occur in a series of four parallel dikes that cxtend southwest
from Long Green through the marble of Minebank Valley. A peg-
matite dike penetrates the Cockeysville marble at Belfast, another
occurs at the junction of Falls Run with North Branch of Patapsco
River, and pegmatite dikes cut both areas of marble south of Davis.
The Gunpowder granite has intruded the Cockeysville marble on the
southeastern side of the Glenarm anticline and has cut out the marble
south of Greenwood. The Cockeysville marble, in common with the
other rocks of the region, is cut by a dike of Triassic diabase.

Wissahickon formation

The Wissahickon formation was named from Wissahickon Creek,'? a
tributary to the Schuylkill River, near Philadelphia, Pennsylvania.

19 Bascom, F., Maryland Geol. Survey, Cecil County Report, p. 104, 1902.
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"‘The Wissahickon formation in Maryland occurs in two different min-
eralogical facies. One facies, herc called the oligoclase-mica schist
facics, lies south of the Peters Creek formation, the other called the
albite-chlorite schist facies lies north of the Peters Creck formation.
The oligoclase-mica schist facies in Maryland has becn correlated with
the Wissahickon mica gneiss of Pennsylvania because the two forma-
tions are lithologically similar and occur along the same strike. Al-
though the continuity of outerop is interrupted by igneous intrusions
in the region of the Susquehanna River and the Maryland-Pennsylvania
State linc, the formations in both states have similar structural relations
to the surrounding rocks and are cut by igneous intrusions of the same
type.

Areal distribution.—The oligoclase-mica schist facies of the formation
covers a large part of central and southern Baltimore County. It gives
rise to rolling upland country and occupies in general the synelinal hills.
It surrounds the Phocnix anticline except between Marble Hill and
Orcgon, where erosion has cut down into the underlying limestone of the
Cockeysville-Texas valley. It forms the hills east of Cockeysville, the
hills north and south of Dulaney Valley, Providence Hill, Chestnut
Ridge, the ridge south of Moores Branch, and the upland country south
of Worthington Valley and surrounding the Woodstock anticline. Two
residual areas remain upon the surface of the Phoenix anticline. One
is a small lens north of Glencoe; the other is an irrcgular area that
extends from Priceville southwest to Dover. Two narrow elongated
areas occur between the Setters formation and the Cockeysville marble
on the flanks of the Phoenix anticline. On the northwestern flank one
extends west of Verona through Stringtown; the other area on the
southeastern flank extends south of Phoenix.

Except for a small area south of Mount Washington, the Wissahickon
oligoclase-mica schist is cut off south of the Glenarm-Towson anticline
by gabbro or concealed by Coastal Plain sediments. The formation is
widespread in Howard and Carroll counties and further field study may
extend its limits and establish some relation between it and the Carolina
gneiss and schist of the southern Piedmont belt.
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The albite-chlorite sehist facies of the Wissahickon formation, whieh
adjoins the Peters Creek formation on the north, is widely exposed in
Pennsylvania and forms the Tucquan anticline in Lancaster and York
eounties. It extends from York County, Pennsylvania, into Baltimore
County, Maryland where it eovers 156 square miles north of a line
running a mile south of Stablersville and Parkton, southwest to Mount
Carmel and Emory Chureh. This line forms the northwestern bound-
ary of the Peters Creek formation. The northwestern extent of this
facies of the Wissahickon is beyond the limits of Baltimore County.
The best exposures of fresh roek in Baltimore County are found along
Gunpowder Falls around Hoffmanville and Shamburg and along the
Northern Central Railroad in the valley of Beetrce Run and Little Falls.
South of Parkton, Little Falls flows in a rocky gorge eut into this sehist.

Lithologic character—The oligoelase-miea sehist facies of the Wissa-
hickbn is a suecession of strongly folded beds eomposed chiefly of miea
sehist and miea gneiss interbedded with thin layers of quartzite. The
sehist yields more readily to pressure than the resistant quartzite and
gneiss and shows fine eompressed erumpling which is in many plaees
transverse to the eleavage. Cleavage and fissility are dominant
features of the Wissahickon formation and slip faulting has oceurred in
many places where the drag folding is parallel to the plane of eleavage.

The lithologic eharacter of this facies of the Wissahickon formation is
almost identieal with that of the Setters formation, and this resemblanee
is particularly striking in Providenee Hill, north of Limekiln Hollow.
The new State road cut through the rescrvation of the Baltimore City
Water Works above the drowned valley of Loeh Raven exposes a
suceession of garnetiferous miea sehist, tourmaline-bearing and feld-
spathie quartzite, and biotite gneiss, that is identieal with the rock in,
the Setters seetion well exposed south of Limekiln Hollow in the north-
ern flank of the Towson-Glenarm antieline. The individual members
of the Wissahickon formation are in many plaees so thin that the
gneissic or quartzitic beds attain a thiekness of only a few inches and are
separated by thin layers of interlaminated mica sehist.

The miea gneiss is a thoroughly reerystallized rock consisting chiefly
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of quartz, biotite, and plagioclase with some orthoelase. The plagio-
elase is oligoclase of the eomposition of Abs Ansp. Coarser-grained
layers in whieh quartz predominates alternate with finer-grained bands
composed of biotite and plagioelasc with small interlocking grains of
interstitial quartz. Pressure subsequent to the recrystallization of
quartz has produced strain shadows. Characteristic accessory minerals
are garnet, apatite, zircon, and magnetite. Many of the garnets are
poikilitic porphyroblasts with quartz inelusions. Where the garnets
have been broken the fragments are eemented by seeondary quartz.

The quartzitic member of the Wissahiekon formation is a straight-
bedded white roek eommonly vitreous in luster and composed of crystal-
line aggregates of quartz with considerable mierocline. It ranges from
almost pure quartzite to a fine-grained biotite gneiss. Accessory
constituents are zircon, apatite, magnetite, pyrite, and rutile. In some
places, notably around the border of the Phoenix antieline, tourmaline
is abundantly developed on planes parallel to the bedding.

The miea schist is a finely plicated, eoarse to medium-grained roek
eomposed of biotite, muscovite, and quartz with a variable content of
feldspar. The miea is in large blades that give a spangled appearance
to the eleavage surface and wrap around lentieular areas of quartz and
large pink garnets. Under the microseope the blades of miea are seen
to be much twisted and frayed. The garnets are filled with inclusions
of muscovite, quartz, and magnetite, and are surrounded by rims of
hematite. Garnet is a characteristic aceessory in both the gneiss and
the schist and oceurs in erystals that sometimes attain half an inch in
diameter. In weathered rock they stand out upon the foliation planes,
producing a knobby surfacc. The feldspar in the sehist is oligoclase,
similar in composition to the plagioclase in the mica gneiss. In some
places, notably in the small area of miea sehist north of Glencoe, the
plagioclase occurs in porphyroblasts that may be as large as 1-1/4
inehes long by three-fourths inch wide. A notable feature of the mica
schist is the abundant development of staurolite and cyanite. Stauro-
lite and cyanite sehist is found in Baltimore County near Stringtown,
north of Glencoe, in the mica sehist of the Prieeville-Mantua hill, south
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of Hess, in the hill between Cockeysville and Warren, in the mica schist
north of Bare Hills, in the mica schist of Ben Run, and in the neigh-
borhood of Owings Mills. Both minerals weather into strong relief
on the surface of the mica schist. The cyanite of Baltimore County
oceurs in blue, bladed crystals several inches in length. Microscopic
study shows that both staurolite and cyanite are developed in large
crystals characteristically poikiloblastic, full of inclusions of quartz
and ilmenite. Ineclusions of tourmaline occur in some of the staurolite
crystals.

The oligoclase-mica schist shows by its complete recrystallization
and by its content of various heavy minerals, such as staurolite, garnet,
cyanite, and sillimanite, that its present condition has been developed
by metamorphic agencies acting in a deep-seated zone. That the origi-
nal material was a sediment may be inferred from the heterogeneous
character of the formation and the presence of abundant rounded grains
of zircon; from the occurrence of cyanite and staurolite, minerals that
are high in alumina, and from the chemical composition of the rock,
which does not coincide with that of any known igneous type. The
development of tourmaline is believed to indicate that the rock has been
subjected to pneumatolytic action subsequent to its deep-seated meta-
morphism. The undulatory extinction in the quartz and feldspar is the
effect of a stress to which the rock has been subjected subscquent to
the development of its metamorphic minerals.

The facies of the Wissahickon formation that lies northwest of the
Peter Creek formation is an albite schist or gneiss interbedded with beds
of chlorite or muscovite schist. The dominant facies in Baltimore
County is a sparkling muscovite schist spotted with dull white por-
phyroblasts of albite that are sometimes 10 mm. in diameter. The
albite crystals are most conspicuous on rough surfaces normal to the
plane of schistosity. Chlorite occurs in many places. Magnetite and
pyrite are characteristic accessories and other constituents of common
occurence are calcite, epidote, garnet, zircon, apatite, titanite, tourma-
line, and hematite. The albite occurs in subhedral or anhedral por-
phyroblasts with ragged boundaries and is filled with inclusions of
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garnet, epidote, magnctite, biotite, muscovite, and ealcite. Quartz is
fairly abundant and the interstices are filled by granulated quartz.
The chlorite, epidote, and quartz associated with caleite form lenticular
areas wrapped around by remnants of biotite. Caleite, which is in
many places abundant, appears to have ecrystallized at the same time
as the other constituents. j

A biotitic facies of this schist has been observed by the writers. It
is well exposed along the Susquehanna River in southern Lancaster
County, Pennsylvania, where biotite is more extensively developed
than in the same formation in Maryland. In some places the por-
phyroblasts are elongated in the direction of the rock cleavage and show
granulation, thereby indicating that the rock has undergone a seccond
period of metamorphism that has mashed the metacrysts formed in the
first period of metamorphism. A quartzosc member of thisfacies of the
Wissahickon formation is a crecam to yellow vitreous quartzite composed
of interlocking quartz and long blades of muscovite or biotite oriented
with their longer axes parallel in such a way as to produce an incon-
spicuous banding. Pyrite is present in most places and stains the
rock a ycllow color by its weathering into rusty spots.

Both facies of the Wissahickon weather readily into a micaceous
clay soil. When wet this soil has the consistency of putty and holds
water for a long time. It forms deep ruts, thereby making roads which
are almost impassable in rainy weather. The unctuous elay soil derived
from the oligoclase-mica schist sparkles brilliantly owing to the presence
of numerous mica flakes. The soil derived from the albite-chlorite
schist shows less mica but it is full of silvery fragments of schist.

Economic tmportance.—The Wissahickon formation is not quarried
to any extent in Baltimore County. At the time of the building of the
second dam for the Water Department of Baltimore at Loch Raven, a
quarry in the oligoclase-mica schist was opened on the east bank of the
stream at the dam site, and the rock that was taken out was used for the
dam breast. The albite-chlorite schist is not suitable for any com-
mercial use and is not quarried.

Chemical composition.—In table I showing the chemical composition
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of various specimens of the Wissahickon formation, I-IV are analyses
of the Wissahickon gneiss from the neighborhood of Philadelphia, V
is an analysis of the oligoclase-mica schist facies of the Wissahickon
formation in Baltimore County, VI is an analysis of the albite-chlorite
schist facies from Pennsylvania, VII and VIII, introduced for com-
parison, are averages respectively of 30 pelite schist and gneiss analyses
and of 22 pelite slates. Table II shows the mineral composition as
computed from the chemical analyses I-VI. It agrees fairly well with
the rock descriptions obtained by study of the hand specimens and
microseopic sections.

TABLE 1.—ANALYSES OF WISSAHICKON ROCKS

I 11 111 1v v VI ViI VIII

1110 2 66.13 | 60.33] 73.68 79.60| 70.26 | 54.99| 65.46 61.90
AlOs...ooovnen. .. 15.11 | 20.85| 12.49, 9.48] 12.87 | 18.74] 16.32| 16.538
HesOF - - oo 3 2.52 3.59 2.10{ 1.77] 2.61 2.90| 4.04] 2.726
FeO.............. 3.19 4.47) 2.220 1.49] 2.70 5.49) 2.71| 3.634
MgO.............. 2.42 2.07 2.04 76| 1.49 2.81| 2.42| 2.988
CaO......cvvvnne 1.87 1.82 .56 .72 2.19 .85/  1.50] 1.066
NaiO............. 2.71 1.38 2.97 1.83] 2.55 1.68 1.89| 2.566
KiO.ooviovnnan 2.86 2.84 291 1.54 2.15|- 5.36 3.40| 3.146
HO—............ 1.55 .09 .533
HO+4.....cont .24 S8 L3 TGRS Y 1.87| 3.311
TiOy...coocovvnnt. .82 1.41 .81 .71} 1.85 1.66 .89 .82
(C10) F e R .18 .59
POsovevvn it .22 .28 .12 19 .11 .62 .044
SO, .03 .025
(Cl B raE P Trace
1 b o R Trace
MnO.............. .20 .18 .67 .05 .04 Trace
BaO............... .01 .01
10710 o B ARG OTETSE Trace
FeSs..oooovvvvn. | | 112
CRNRE ..., .222

99.87 | 101.82| 101.42| 100.42 99.94| 100.42| 100.59,100.231

I. Wissahickon gneiss. Composite sample from four different localities.

Bascom, F., U. 8. Geol. Survey Geol. Atlas, Philadelphia Folio (No. 162),

p- 4, 1909. Analyst, W. F. Hillebrand. Represents an arkosic sediment
moderately high in soda.

II. Mica gneiss. North of Jenkintown Junction, on west side of Tacony
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Crcek. Pcnnsylvania Second Geol. Survey Rept. Cs, p. 122, 1891.
Analyst, F. A. Genth, Jr. Represents an argillite. Rock is described
as micaceous rock containing grains of garnet, white feldspar and little
magnetite.

ITI. Wissahickon gneiss. Neshaminy Creek. Idem, p. 108. Analyst, F. A.
Genth, Jr. Represents an arkosic scdiment high in soda. Rock is
described as containing quartz, feldspar, muscovite, and biotite.

IV. Wissahickon gneiss. Elm (Narberth) Station, Pennsylvania Railroad,
Montgomery County, Pa. Idem, p. 135. Analyst, F. A. Genth, Jr.
Represents a sandstone high in soda. Rock is described as containing
quartz feldspar, little mica.

V. Wissahickon formation (Oligoclase-mica schist). One mile northwest of
Monkton, Md. Analyst, Penniman and Brownc. Represents an arkosic
sediment high in soda and lime. Rock is composed of quartz, oligoclase,
biotite, with small amount of orthoclase and muscovite.

VI. Wissahickon formation (albite-chlorite schist). One mile south of Shenk’s
Ferry Station, Columbia and Port Deposit Railroad, Lancaster County,
Pa. Analyst, R. K. Bailey, Chemical Laboratory U. 8. Geological
Survey, 1920. Represents a potassic argillite. Rock is composed of
muscovite, chlorite, quartz, and albite.

VII. Pelite schists and gneisses, average of 30, mostly European. Bastin,
Edson 8., Chemical composition in sediments: Jour. Geology, vol. 17,
p. 456, 1909.

VIII. Pelite slates, average of 22 from publications of U. 8. Geological Survey.
Van Hise, C. R., A treatise on metamorphism: U. S. Geol. Survey Mon.
47, p. 896, 1904.

In the six local analyses quoted on p. 172 the alumina is in pronounced
excess over the combined potash and soda, a feature that is significant
of a probable sedimentary origin for these rocks. In all except the fifth
analysis magnesia is present in larger quantity than lime, in two of the
analyses potash is in excess of the more readily dissolved soda. In a
sediment it is usual for the potassa to be greater than the soda, and it is
therefore notable that four of the six analyses quoted show more soda
than potassa. The high soda content of the Wissahickon is a char-
acteristic common to the sediments of the region. The analyses of the
Wissahickon formation agree rather closely with the average analyses of
metamorphosed pelites shown in columns VII, VIII.

The first, third, and fifth analyses represent arkosic sediments that
have been thoroughly recrystallized under deep-scated conditions; the

second and sixth have the composition of recrystallized argillites; and
the fourth is a recrystallized sandstone. These facts indicate that the
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TABLE II.—MINERAL COMPOSITION OF WISSAHICKON TYPES

1 II III Iv v vl
Quartz......... 32 30 42 62 40 23
Plagioclase..... 31 19 27 18 31% 14

(AbnAnu) (AbuAnu) (Ab 93An1) (Ab 55An15) (AbnAnao) (Ab)

Orthoclase. .. .. 13 5 8 — 73 —
Biotite......... 25 15 9 4 13 8
Muscovite. .... - 8 8 10 — 36
Chlorite. ...... — - - - — — 6
Garnet......... 4 6 4 — - —
Titanite....... 3 —_ — — — —
Magnetite...... 3 1 1 3 —_ 4
Sillimanite..... - 12
Ilmenite....... — 1 1t 1 23 8
Rutile ........ it |
Hematite...... 23
Calcite........ I |

97 08 100 8 | 97 | o4

I. Mica gneiss
II. Mica gneiss
III. Mica gneiss
IV. Sericitic quartzite
V. Oligoclase-mica schist
VI. Albite-chlorite schist

Wissahickon formation is the metamorphosed equivalent of interbedded
arenaceous and argillaceous sediments with abundant arkosic beds.
Character of the metamorphism in the Wissahickon formation.—In the
oligoclase-mica schist metamorphism has taken place under deep-seated
conditions as shown by the formation of heavy minerals such as garnet,
staurolite, plagioclase, ete., that are characteristic of zones of high
pressure and temperature. In the albite-chlorite schist, on the other
hand, metamorphism has taken place in the upper zomes of meta-
morphism as shown by the development of albite and chlorite minerals
that are characteristic of the upper zone. The lime content of the
albite-chlorite schist, instead of uniting with soda to form plagioclase,
has crystallized as calcite, and the soda as albite. All minerals in the
path of each growing albite erystal that were not needed in forming
the albite were inclosed by the growing metacrysts. The resultant
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poikiloblasts contain inclusions of biotite, chlorite, calecite, magnetite,
and quartz. The irregular spongiform boundaries of the anhedral-
porphyroblasts are evidence of their growth against the other con-
stituents of the rock. The presence of biotite and chlorite as simul-
taneously formed minerals and of garnet porphyroblasts in some parts
of the formation indicates that part of the formation was rcerystallized
in a transitional zone between the upper and lower zones of
metamorphism.

Thickness.—In the Wissahickon formation cleavage has been de-
veloped to such an extent that the bedding plane is usually obscured.
The schist and, to a lesser extent, the gneiss show a distinct crenulation,
and field observations usually represent clcavage dip and drag folds.
It is therefore difficult to trace the original bedding, and repeated minor
folding makes it impossible to estimate the thickness of the formation
with any degree of certainty. It is probable that the major folding is
wide and gentle, as whenever it is possible to locate the bedding the dip
is gentle, rarely more than 15 to 20 degrees. The thickness has been
estimated at 1,000 to 2,000 feet?® in the region of Philadelphia but it is
probable that the formation may attain a thickness of 3,500 feet on the
Susquehanna River.

Igneous intrusions.—The Wissahickon formation in its oligoclase-
mica schist facies is cut by intrusions of granite, gabbro, and serpentine.
Granitic pegmatites are numerous in the Wissahickon formation in the
region of the Glenarm and Woodstock anticlines. Besides the large
areas of gabbro there are narrow dikes of meta-gabbro paralleling the
schistosity of the including mica gneiss. They occur northeast of Loch
Raven, northeast of Dulaney Valley, and west of Warren. The albite-
chlorite schist in Baltimore County is free from all igneous rock except
dikes of Triassic diabase. One of these diabasc dikes crosses the whole
cxtent of the Wissahickon formation of Baltimore County.

Age—The age of the Wissahickon formation has been a matter of
discussion for a number of years. It is considered by the writers to be

20 Bageom, I, U. S. Geol. Survey Geol. Atlas, Trenton folio (No. 167), p. 4,
1908; Philadelphia folio (No. 162), p. 4, 1909.
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pre-Cambrian and an intrinsic part of the Glenarm serics whose age will
be discussed at length, later in this report.

The Peters Creek formation

The Peters Creek formation was named by the writers because of its
typical exposure along Peters Creek, a tributary to Susquehanna River
near Pcach Bottom Station, Lancaster County, Pennsylvania.

Areal distribution.—The formation has been traced, with unchanged
characteristics, directly along the strike through Cecil and Harford
counties into Baltimore and Carroll countics. In Baltimore County, it
forms a band three miles wide that extends parallel to the Wissahickon
oligoclase-mica schist on the northwest side of the Phocnix anticline.
The Wissahickon albite-chlorite schist adjoins the Peters Creck forma-
tion on the northwest, and the contact between the two formations
extends across Baltimore County in a dircetion S. 55° W., north of
Gemmills and Greystone, through Weisburg, Mount Carmel and
Emory Church, into Carroll County. In Harford County the forma-
tion widens to six miles and surrounds the syncline that exposes the
Cardiff conglomerate and Peach Bottom slate.

Lithologic character.—The formation consists of quartzite and mica
schist. Quartzite is the dominant member, but the beds vary in
thickness and the intervening layers of mica schist range from a few
inches to several hundred feet in thickness. Thé conditions of deposi-
tion must have been irregular, so that accumulation of fine uniform
quartz sand was frequently interrupted by muddy deposition. The

sandstone and shale have been closely folded and recrystallized so that
the arenaceous part of the formation has been transformed into a white

to light greenish-gray crystalline quartzite with a subordinate amount
of feldspar and a variable amount of muscovite, and the shale has
become a muscovite-chlorite schist. The quartzite, in thin scctions,
shows a fine-grained quartz mosaic with long blades of muscovite. A
sodic oligoclase oceurs in a few small individuals. Biotite is present in
some places. Magnctite is an abundant accessory constituent. The
mica schist is made of bands of granular quartz between layers of
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muscovite and clinochlore. Oligoclase (Abz, Angs) is present in small
amount. The abundance of magnetite, which in places occurs as large
crystals, suggests that the original sediment may have been a magnetitic
sand. Garnet, pyrite, and zircon arc the characteristic accessory
mincrals.

Cleavage, a well-marked feature of the Peters Creek formation, is
particularly prominent in the schistose beds, and is developed to such
an extent that the bedding is often obscured. The plane of foliation is
inclined at all angles to the original bedding. In some localities the
whole formation has been thoroughly filled with veinlets of secondary
quartz that have penetrated the rock along bedding planes. In the
competent quartzite beds the secondary quartz forms bands of uniform
width, but in the schist, which yields readily to pressure, the quartz
bands have been squeezed so that they form lenses in some places
scveral inches in width.

The best exposures of the formation occur along Little Falls near
Greystone and in the valley of Gunpowder Falls both east and west of
the intersection of Gunpowder Falls with York Road The formation
disintegrates into a sandy clay soil full of shining slivers of gray rock.
On the upland both soil and rock weather red.

Field relations.—The field relations of the Peters Creeck formation
and the Wissahickon formation show that the two grade into one
another and that they represent continuous deposition in a conformable
sequence of formation. On the northwest side of the syncline oceupied
by the Peters Creek formation, the Wissahickon albite-chlorite schist
grades upward into the schists and quartzites of the Peters Creek.
Likewise therc is a similar transitional relation between the Peters
Creek formation and the oligoclase-mica schist that adjoins the syncline
on the southeast side. The lithologic character of the Wissahickon and
Peters Creek formations, together with their conformable relations
indicates that they belong to one depositional period.

In Baltimore County the Wissahickon oligoclase-mica schist surrounds
the antielinal areas as far south as the city of Baltimore. The Peters
Creck quartzite and schist form the northwest border of the highly
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metamorphosed facies of the Wissahickon formation in Baltimore
County and in the area northeast in Maryland and Pennsylvania cast
of the Doc Run area.

The Peters Creek formation oecurs also in Harford and Cecil counties
in the syncline between the northeastern part of the Phoenix and the
Glenarm antielinal axes. Igneous rocks which extend from Havre de
Grace to north of Conowingo have displaced most of the sediments of
that area so that only small patches of Peters Creck formation are left
near Susquehanna River, surrounded by igneous rocks.

The typical Wissahickon gneiss of the southern facies is a biotite
gneiss essentially composed of quartz, biotite, and abundant sodic
oligoclase. It is interbedded with layers of biotite-muscovite schist
and thin beds of vitreous yellowish-white quartzite similar in character
to the Setters quartzite. It represents a thoroughly anamorphosed
scdiment of dominantly arkosie nature interbedded with layers of shale
and a subordinate amount of sand. The Peters Creek formation is
essentially composed of grayish-white to dense green quartzite composed
of quartz, muscovite, chlorite and a small amount of oligoclase. It is
everywhere interbedded with layers of muscovite-chlorite schist. The
formation represents a dominantly arenaceous deposition interspersed
with layers of shale. The transitional zone on the south side of the
Peters Creek formation between the arkosie and arenaeeous faeies is a
fine-grained gray quartzose biotite gneiss that recalls the finc-grained
biotite gneiss of the Wissahickon formation. It contains more quartz
and less biotite than the Wissahickon gneiss and in many places contains
abundant epidote. Tt is interbedded with a lustrous phyllitic museovite
schist that contains a small amount of quartz and is characterized by
the presence of large garnets partly altered to wide rims of ehlorite. The
charaeteristics of this rock suggest that it has undergone what is called
by Becke a diaphthoritic alteration or reversal in metamorphism
whereby the heavy minerals such as garnet and biotite that are ehar-
acteristic of deep-seated metamorphism have been altered to the
hydroxyl-bearing minerals chlorite and muscovite that are typical of
upper zones of metamorphism. This diaphthoresis tends eventually to
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carry the metamorphism of a erystalline schist backward towards the
less advanced phyllitic stage. The diaphthoritic facics is exposed in
Baltimore County along First Branch through Whitehall and southwest-
ward. It is well exposed also along North Branch of the Patapsco
River from the Liberty Road to a half mile north of Oakland and
extends west across Carroll County, along the edge of the eastern
Sykesville granite and reaches South Branch of Patapsco River west of
the serpentine area whose eastern boundary is ncar Henryton. The
southwestward extension of this belt through Montgomery County,
Maryland, has not been traced.

Diaphthorites are described as occurring in Europe? in some places
in the lower part of overriding blocks in areas of overthrusting. It is
suggested, thercfore, that this diaphthoritic zone of contact of the
oligoclase mica schist of the Wissahickon formation and the Peters Creek
may be along the line of a thrust fault which carried the Wissahiekon
formation northwest over the rocks of the Peach Bottom syncline. No
other evidence for the thrust, however, has been found. .

The transition between the albite-chlorite schist and the Peters Creek
schist on the northern side of the Peters Creek formation has been
effected by the gradual reduction of albite and increase of quartzosc
beds. The gradation is well exposcd along the Northern Central
Railroad in the gorge of Little Falls between Parkton and Greystone.

Economic tmportance.—The quartzite of the Peters Creek formation
is quarried in some places to be used in concrete road-making and other
concrete work and for building stone, but no quarries are operating in
Baltimore County.

Age—The Peters Creek formation is the youngest member of thc
Glenarm series that occurs in Baltimore County.

Thickness.—The thickness of the Peters Creek formation can not be
estimated with any degree of accuracy. It occupies a syncline with a
maximum width of 5 miles in Harford County. The amount of redu-
plication by folding is not determinable but it is probable that the
thiekness may be 2000 to 3000 feet.

% Suess, F. E., Moravische Fenster: K. Akad. Wiss. Wein. Math. Naturwiss.
Klasse, Jahrgang 47 pp., 428-432, 1910.
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Igneous intrusions.—The Peters Creek formation is eut by peridotite
and pyroxenite dikes usually serpentinized. These dikes roughly
parallel the schistosity of the eountry rock.

A dike of Triassic diabase crosses the Peters Creek formation.

AGE OF THE GLENARM SERIES

It has been already mentioned that the Setters quartzite of Maryland
and the Chickies quartzite of Pennsylvania were at one time tentatively
considered to be the same formation. The Cockeysville marble over-
lying the Setters was then thought to represent the same horizon as
the limestone of Chester Valley in the Philadelphia area?® where the
Wissahickon formation was then called Ordovician? beeause of the
stratigraphie relations of the Wissahiekon to presumably Cambro-
Ordovieian limestone, beeause of its gradation into so-ealled Ordovieian
miea sehist, and because of the absence of any indication of unconform-
ity between it and recognized Paleozoics. The formation as then
mapped ineluded what is here deseribed as the Wissahickon and Peters
Creek formations. Baseom?® previously had recognized the possi-
bility that the Wissahiekon might prove to be pre-Cambrian, and in
1909% she deseribed the Wissahickon gneiss of the Philadelphia region
as pre-Cambrian. In 1916% the writers assigned a pre-Cambrian age
to the Wissahiekon mica gneiss of the Doe Run and Avondale region in
eastern Pennsylvania. In this region the Wissahiekon miea gneiss
overlies the limestone and is infolded with it in sueh a way as to produee
a radial and finger-like arrangement of the surface outcrops of limestone
where erosion has eut through the overlying gneiss. Such a superjacent
relation between the gneiss and the limestone exists in Baltimore County
where the underlying limestone has been exposed in Worthington,

22 Mathews, E. B., Correlation of Maryland and Pennsylvania Piedmont
formations: Bull. Geol. Soc. Amer., vol. XVI, pp. 329-346, 1905.

23 Bascom, F., Piedmont district of Pennsylvania: Geol. Soc. Amer. Bull.,
vol. XVI, p. 306, 1905.

24 Bascom, F., Md. Geol. Survey, Cecil County Report, pp. 107-108, 1902.

2 Bascom, F., U. S. Geol. Survey Philadelphia, Folio 162, p. 4, 1907.

2 Bliss, E. F., and Jonas, A. I., Wissahickon mica gneiss of Doe Run and
Avondale region, Pa.: U. S. Geol. Survey Prof. Paper 88-B, p. 32, 1916.
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Texas, and Dulaney valleys. The Doe Run and Avondale marbles
were eorrelated with the limestone of Chester Valley, whieh was eon-
sidered to be of Beekmantown age?” and it was argued that sinee the
Wissahiekon gneiss is pre-Cambrian the apparent superposition of the
Wissahickon gneiss upon the limestone must be due to overthrust
faulting.

The recent work of the writers in Baltimore County has established an
unconformity between the base of the Glenarm series and the underlying
Baltimore gneiss, but has entirely failed to reveal any proof of uneon-
formity within the Glenarm series, which appears to be a normal se-
quence with the Wissahiekon formation eonformable over the Coekeys-
ville marble. Attention was then turned to the problem of the relation
of the Setters formation of Maryland to the Chickies formation of
Pennsylvania. The anticline of the Hellam-Chickies ridge in Lan-
easter County, Pennsylvania, was studied by the writers with a view to
aseertaining the similarity or dissimilarity between the lower Paleozoie
seetion in southeastern Pennsylvania and the Glenarm series as estab-
lished in Maryland and southeastern Pennsylvania. It was soon
recognized that there are essential differences between the two seetions
and reeent work by Stose and Jonas in the limestones and associated
quartzites of Lancaster, York, and Adams eounties in Pennsylvania
has established the lower Paleozoie seetion. For purposes of comparison
the two seetions are here placed side by side.

It is obvious that the total 8000 to 10,000 feet of the Glenarm series
does not eorrespond either in lithologie eharaeter or in thickness to the
3900 feet plus or minus of the Lower Cambrian deposits. Moreover the
Coekeysville marble has no resemblanee to the Tomstown dolomite or
to the overlying limestone beds or to the limestone of Chester Valley.,
It lacks the eharaeteristic fossils of the Tomstown, and its lithologie
charaeter is not such that it ean be eonsidered to represent the meta-
morphosed equivalent of the Lancaster-York Valley limestones. There-
fore, sinee the Coekeysville marble ean not be ecorrelated with any of the
known Paleozoie limestone series of Pennsylvania, it must be older

" Bascom, F., U. 8. Geol. Survey, Philadelphia Folio, No. 162, p. 5, 1909.
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than the Vintage dolomite, and since the Wissahickon formation is
conformable upon the Cockeysville marble the whole Glenarm series
must underlie the lower Cambrian calcareous sequence. It remains to
decide whether this 8000 to 10,000 feet of Glenarm deposit is Cambrian,
i.e., the cquivalent of the 2200 feet of lower Cambrian arenaceous
sedimentation in Pennsylvania or whether it is pre-Cambrian.

South of the Peach Bottom syncline the lower formations of the
Glenarm series arc cut by large intrusions of highly deformed plutonic
rocks that contrast strongly with certain other slightly deformed
igneous rocks of presumably younger age. Although the lower Paleo-
zoic rocks of southeastern Pennsylvania show the influence of igneous
action in the presence of tourmaline, pegmatite, and vein quartz, they
are conspicuously free from intrusions of deformed igneous rocks,
indeed from igneous rocks of any sort. It seems likely that the igneous
effect visible in Paleozoic sediments was caused by the proximity of
younger plutonics, perhaps genetically associated with the Woodstock
granite.

Amphibolite schists that are derived from basic intrusions and voleanic
flows, are associated with the Wissahickon albite-chlorite schist in south-
ern Pennsylvania and Maryland. If these amphibolites, which are
lithologically similar to greenstone schists in Catoctin Mountain, repre-
sent metamorphosed basaltic flows that are the equivalent in age of the
pre-Cambrian voleanics of Catoctin Mountain the pre-Cambrian age of
the Glenarm series is established. '

In view therefore of the facts that the Glenarm series does not cor-
respond in lithology or thickness to the lower Paleozoic section as now
determined in Pennsylvania and that it is cut by igneous material of
presumably pre-Cambrian age it seems fair to conclude that the Glenarm
series is pre-Cambrian in age.

Correlation.—It is probable that the Glenarm series may be correlated
with the Inwood-Manhattan formations of New York state which
overlie the Fordham gneiss (correlated with the Grenville gneiss).
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Berkey has recently deseribed the pre-Cambrian seetion in the vicinity
of New York City as follows:*?

Manhattan schist
Inwood limestone
Lowerre quartzite
Fordham gneiss

STRUCTURE

Streams, during their erosion of an upland area, carry in their chan-
nels a large quantity of detrital material that eventually finds a resting

F1a. 13.—Diagram of Upright Folds (above) and Overturned Folds (below)

place cither upon land or in the sca. Sediments thus deposited from
running water have a nearly horizontal position, a fact which can be
readily verified by any observer who studies the silt deposited by a small
tributary where it enters a large stream. When these flat-lying sedi-
ments arc buried under a load of deposits they are induratedand
consolidated into rocks. Thesec rocks may be brought to the surface
by an uplift of certain portions of the earth’s erust. If such an uplift is

30 Berkey, C. P., Geology of the West Point quadrangle, New York State Mus.
Bull. Nos. 225, 226, p. 40, 1919.
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Fiii 1 View ahowinge basnl conglomerate of the Patuxent overlving the Piedmont
ervatallines at Holand Puark, Baltimore Clhity

Frit ® —Yigw showing conrse, highly inelined anil ervss-heddod Patuxent sands wear
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aeeompanied by strong lateral eompressive foree the roeks are bent and
thrown into a series of parallel arehes and troughs known as antielines
and synelines. Sueh folds may be either upright open folds, Fig.
13 (above), or, if the eompressive foree be more severe the fold may be
pushed over until it is inelined at a steep angle. Fig. 13 (below). The
former type of folding is eharaeteristie of the Great Appalachian Valley
provinee in the western part of Maryland, while the latter type of over-
turned folding is prevalent in the eastern part of the Appalaehian belt
within whieh Baltimore County lies.

That eompressive foree aeting as a tangential thrust may produee a
erumpling and shortening of the earth’s erust as deseribed above has
been shown experimentally to be probable.®

Areas of eompression are loealized in eertain orogenie belts that in many
parts of the world have been the loeus of repeated folding during various
geologie periods. The origin of the eompressive foree that aets to
produee folding is still unestablished. It has been suggested that the
most probable eause for compressive foree is to be found in sub-erustal
and intra-erustal ehanges in heat eontent.

Baltimore County lies in the most easterly part of the Appalaechian
belt of folding as exposed in Maryland. This belt borders eastern
North Ameriea and has been affeeted by several periods of mountain
making from the pre-Cambrian to the Permian. Movement through-
out that time was from the southeast, that is, from the direetion of the
Atlantie Oeean and the roeks of the Appalaehian belt are folded, over-
folded and thrust to the northwest along trends that are in general
northeast and southwest, that is, at right angles to the direetion of the
pressure. Throughout the belt there are eurves in the direetion of the
folds where they swing westward in salients or bend eastward in reeesses.
These eurves are loeated along axes of transverse folds. Baltimore
County lies in the Maryland salient whose eross axis extends from Balti-
more northwest through Maryland and Pennsylvania, passing near
Harrisburg,.

st Willis, Bailey, 13th Ann. Rept., U. S. Geol. Survey, pt. ii, pp. 217-274, 1893.
Mead, W. J., Jour. Geol., vol. XXVIII, No. 6, p. 322, 1920.
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Folding.—Baltimore county contains a series of short anticlinal
domes that are in sharp contrast with the long folds characteristic of
the Appalachian region. Mathews® has discussed these domes and
their significance at the axis of the Maryland salient. These 8 anti-
clines lie parallel to each other in four belts which strike in general
southwest. They strike S. 70° W. to the eross axis and they curve
steeply southwest again. These anticlines eomprise from northwest to
southeast the Phoenix, the Texas, and in the third belt the Glenarm-
Towson, the Chattolanee and the Woodstock. The Ben Run and
Alberton anticlines are small uplifts just east of the Woodstock anti-
cline. Baltimore City anticline, the most southeasterly of them all, is
covered in large part by Coastal Plain sediments.

These anticlines expose a core of Baltimore gneiss overlain by Set-
ters formation and Cockeysville marble, which dips under the synclines
of the Wissahickon formation that separate the anticlines.

All of the anticlines are short, domical folds, the longest being the
Phocnix which is 17 miles long and the shortest the Alberton, only one
mile long. ;

Northwest of Phoenix anticline, the Peters Creek formation oceupics a
syncline in the Wissahickon formation. This syncline extends north-
east across Maryland and into Pennsylvania, where it contains Peach
Bottom slates. Northwest of the syncline of Peters Creek formation
the Wissahickon albite schist is folded into the Tuequan anticline whose
axis passes through Shamburg and Bentley and extends northeast into
Pennsylvania, where it was named. The Peach Bottom syncline and
Tucquan anticline have trends parallel to the anticlines and synclines
southeast of them but are long folds in contrast to the short ones of
southeastern Baltimore County.

The Phoenix anticline extends from three miles northeast of the
Baltimore-Harford County line southwest to Worthington Valley near
Glyndon. It is oval in shape and has minor folds on its flanks, especially
on the northwestern side. There is a syncline also within the anticline
from southwest of Glencoe to St. Johns Church.

3 Mathews, E. B., Anticlinal Domes, [etc.], J. H. U. Circ. N. S. 1907, No. 7,
pp. 27-34.
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The core of the Phoenix anticline like the others in the county is
made up of Baltimore gneiss and is bordered by overlying members of
the Glenarm series that are separated from the Baltimore gneiss by an
unconformity. The contortion in the Baltimore gneiss is so great that
in some cases minor folds have a vertical pitch. This closc folding may
have been acquired during the intrusion under pressure of pre-Glenarm
granite. The structure of the Baltimore gneiss is discordant to the
overlying Glenarm rocks that dip away from the anticline on all sides
and for the most part do not show overturned folding. The Setters
formation which overlies the Baltimore gneiss in a large part of the
anticline dips under the Cockeysville marble at an angle of 40-70°
In the Buffalo synclinec southwest of Glencoe and along Worthington
Valley, Cockeysville marble directly overlies Baltimore gneiss. Its
absence and that of the Cockeysville marble on the northeastern
flank of the anticline, where the Wissahickon formation is in con-
tact with the Baltimore gneiss, may be due to lack of deposition or to
faulting.

The Texas anticline lies less than 2 miles south of the Phoenix anti-
cline and in a north-south cross axis of the Chestnut Ridge syncline.
It is a small dome bounded on the west side by the Ruxton?®® thrust fault
that has carried it northwestward over part of the syncline of Wissa-
hickon gneiss east of Cockeysville. The pre-Setters core is largely
composed of igneous granite gneisses. The Setters formation, best
exposed on the north side of the anticline,.dips north 10°t0 20° under the
Cockeysville marble which in turn dips 40°-45° northeast under the
Wissahickon formation. The strike of the Setters and Cockeysville
marble follows the curve of the anticline from Warren to the south side
of the anticline. The Setters is absent on the south side because of the
invasion of the Gunpowder granite.

The Glenarm-Towson anticline extends from northeast of Long
Green Creek to Lake Roland where its western side is broken by the
Ruxton fault which extends south from the west side of the Texas
anticline through Ruxton and Mount Washington. Its northeast end

33 Mathews, E. B., Bull. Geol. Soc. Amer. Vol. XVI, 1905.
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is a eompressed fold striking N. 45° E. and overturned to the northwest.
Southwest of Gunpowder Falls the anticline is not overturned and the
dip of the Setters quartzite ehanges from 60° S.E. in the northwest side
of the fold to 40° N.W. in the vieinity of Oakleigh and westward. The
direetion of the axis of the antieline changes near Oakleigh to east and
west whieh is the trend of the Chattolanee antieline west of the Bare
Hills syneline. The Setters formation and Cockeysville marble are
exposcd for a short distanee on the southeastern flank of the Glenarm-
Towson anticline near the northeast and the southwest end. In the
intervening arca the Glenarm rocks have been cut out by the Gun-
powder granite which probably was intruded during the folding of the
Glenarm-Towson antieline.

The Chattolanee anticline extends for 8 miles along an east and west
axis lying south of Green Spring Valley and west of Bare Hills syneline.
The Baltimore gneiss core is flanked by Setters quartzite, which dips
steeply under the Cockeysville marble of the surrounding valleys. The
northern side of the anticline is bordered by Cockeysville marble and the
southern side of the anticline is closely folded and Cockeysville marble
occupies compressed folds in the Setters formation. For a distance
of a few miles along the south side of the anticline the marble has been
cut by a northward overthrust of Wissahickon formation.

The northern part of the Woodstoek anticline lies two miles southwest
of the Chattolanee anticline. The strike of the folding changes to N.
30° E. in the Woodstock anticline and continues in that direction in
Howard County where the southwestern part of the antieline is exposed.
In Baltimore County Glenarm rocks dip away from off the Baltimore
gneiss basement on the north and northeast sides of the round plunging
anticline; on the south side thrust faulting has compressed a syncline
south of Davis and an antielinal fold south of it. Less than a mile east
of the Woodstock anticline there is a remnant of an anticline 1 mile
long and not a quarter of a mile wide. This fragment consists of a
narrow core of Baltimore gneiss overlain by quartzite and a small
remnant of Cockeysville marble. This anticline has been thrust west
over Wissahickon formation.
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The Alberton is a small closely folded anticline only one square mile
inexposure. It has a core of Baltimore gneiss from which Setters forma-
tion and Cockeysville marble dip away in all directions. The folding is
closely fluted on the northwest side of the uplift.

In the city of Baltimore is exposed the most southerly of the anti-
elines of Baltimore County. The Baltimore gneiss of this antieline
dips gently northwest with minor waves in the folding and is overlain
on the northwest side from Gwynns Falls to Jones Falls by interbedded
mica and quartz schist that may represent the Setters formation. The
southeast side of the anticline has been invaded by gabbro and is covered
by Coastal Plain sediments on its south and southwest end.

The Chestnut Hill-Sweetair syncline lies between the Phoenix anti-
clinc and the Glenarm-Towson and Chattolanee antielines. It is
occupied by Wissahickon formation, except in the cross anticline that
cxtends north and south through Cockeysville and Texas, and exposes
Cockeysville marble gently folded and dipping under the Wissahiekon
formation. The Wissahickon is folded into three synclines east of the
eross valley. The Coekeysville limestone valleys at Hyde and “the
Caves’ are anticlinal folds in the synclinal axis.

The synclines south of the Glenarm-Towson and Chattolanee anti-
clines are also occupied by the Wissahickon formation exposed in
remnants; one northwest of Gunpowder Falls; a second west of Mount
Washington; and another north of Bare Hills and Randallstown. These
small areas are what remains of the formation in the syncline after
intrusion of gabbro and Gunpowder and Port Deposit granite gneiss.
The eross axis of the Cockeysville marble exposed south of the Phoenix
anticline is covered south of Ruxton by the westward thrust of the
Towson anticline.

The Peach Bottom syncline is a narrow fold about 2 miles wide oc-
cupied by the Peters Creek formation in this area and bordered on either
side by Wissahickon formation. It crosses the county in a south-
westerly dircetion from the Harford County line near Gemmills and
passcs through Whitehall, Pleasant Grove, and Glen Falls. The syn-
cline takes its name from the Peach Bottom slates that are infolded in
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the Peters Creek formation for a distance of 18 miles, in both Penn-
sylvania and Maryland. The Sykesville granite intrudes the Peters
Creek formation in Carroll County and injects the formation in Balti-
more County near North Branch of Patapsco River. The Peters Creek
formation of the syncline is closely folded into minor anticlines and
synclines and the south side, as has been mentioned, may be the edge
of an overthrust fault which has thrust the Wissahickon formation
northwestward over the syncline.

The Tucquan anticline is a fold in the Wissahickon albite-chlorite
schist lying northwest of the Peach Bottom syncline. The axis of the
fold passes through Bentley and Shamburg and the Wissahickon schist
dips about 45° in either direction at the axis. The minor folding is
much steeper and the rock is closely crumpled. The Tucquan anticline
is the southwestward continuation of that fold named in Pennsylvania
where its axis crosses the Susquehanna River near Tuequan.

Faulting.—The Ruxton thrust fault lies west of the Texas and Towson
anticlines along a direction about S. 10° W. The thrust has carried the
Texas anticline over the northern fold of the Sweetair syncline and has
moved the Towson anticline westward over the Bare Hills syncline.
The southward continuation of the fault is lost in the igneous rocks
south- of Mount Washington. Its northeastern extension north of
Warren is lost in the Wissahickon formation. Brecciation accompanied
the faulting and recemented fault breceia first noted by Mathews and
Miller** outerops in a small run that parallels the road 2 miles south of
Warren. Brecciated quartzite outerops also in the county Alms House
grounds a mile south of the first mentioned oceurrence. Farther south a
zone of shearing outerops in the railroad cut near Lake Roland station.
The thrusting along this fault was from the southeast and the displace-
ment not more than a few miles.

Faulting has occurred on the southeast side of the Woodstock anti-
cline south of a narrow minor anticline in Baltimore gneiss. From
relations seen in Howard County it seems probable thrusting has been

3 Mathews, E. B. and Miller, W. J., Geol. Soc. Amer. Bull., vol. XVI, p. 365,
1905.
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to the southeast and sueh a possibility has been diseussed by Mathews®
in his artiele on the antielinal domes of Maryland. The Ben Run
anticline whieh is fully 1 mile east of this thrust fault from the northwest
has been thrust westward. -]
The most important thrust fault of southeastern Maryland, the
Martic overthrust lies northwest of Baltimore County in Carroll and
Frederick countics. It was first worked out in the McCalls Ferry-
Quarryville®area of Pennsylvania. It is a low angle overthrust with a
southecast dipping fault plain ealled the Martie overthrust and has
carried the rocks of the Glenarm series northwest over Paleozoic roeks.
The albite-ehlorite Wissahickon schist forms the northwestern part of
the fault bloek from Sehuylkill River to Carroll County, Md. It
is eonsidered probable that the erystalline roeks of Baltimore County
have been carried northwest on this fault. The thrust suggested along
the diaphthoritic zone already described on the south side of the Peters
Creek syncline may have been the result of piling up of the bloeks during
the period of the thrusting whieh produeed the Martie overthrust.

AGE OF THE STRUCTURES OF BALTIMORE COUNTY

1. Pre-Cambrian folding.—The Baltimore gneiss was injeeted and
intruded by igneous material and elosely folded before the deposition
of the roeks of the Glenarm series whieh were laid down on the bevelled
edges of the old folds. This period of folding must have been in the
early pre-Cambrian.

The Glenarm series was folded before Cambrian times and intruded
by granites and gabbros probably during that folding. At that time
the region lay to the southeast of its present position nearer the border
of the eontinental area as we know it to-day. It is possible that the
short antielinal domes of Baltimore County were formed in this early
period. It is obvious that their direction parallels younger Appalachian
folding of the area to the west, so it is possible that the direetion of

3 Mathews E. B., Anticlinal domes in the Piedmont of Maryland: Johns
Hopkins University Circ., new ser., No. 7, pp. 27-34, 1907.
1 Knopf, E. B., and Jonas, A. I., U. 8. Geol. Survey Bull. 799, 1929.
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Paleozoie folding is posthumous and followed and was eontrolled by
pre-Cambrian lines. It is known that in Frederick County, Maryland,
lower Cambrian roeks lie uneonformably on eroded surfaees of the folded
Glenarm reeks and this evidence strengthens the theory that much of
the folding of the Glenarm rocks of Baltimore County was pre-Cambrian.

2. Paleozoic folding.—The date of the Martic overthrust maybe as
far baek as late Ordovieian time but not after the Permian beeause no
roeks younger than Chazyan are involved in the thrusting, and Triassie
sediments are not affected by it. The Martic overthrust parallels
other faults farther west in the Appalachian folded belt. These faults
west of the Blue Ridge anticlinorium affeet Carboniferous rocks and
henee occurred during Appalachian deformation. The Martic thrust
may have oecurred earlier than these post-Carboniferous faults beeause
it lies in an eastern, henee older belt of folding and because it was folded
after thrusting took place. Evidence of such folding is scen along the
eroded edge of the thrust in the vicinity of Mine Ridge Hill anticline
which is part of the autoehthonous bloek and which was folded with the
overlying Wissahickon albite schist after the thrusting. The Mine
Ridge Hill axis of uplift eontinues southwest in the Wissahickon albite
schist as the Tucquan antieline. The open folding of this anticline is
older also than the sehistosity whieh cuts aeross it. Thus seeond schis-
tosity may have been produced in this eastern area in the latter part of
pre-Permian folding when thrusting was going on farther west in the
Appalachian belt.

The compressive stresses which had been operating since pre-Cam-
brian times were satisfied in this arca at the close of Appalachian de-
formation for subsequent deformation from the Triassie period to the
present has manifested itself in vertical uplift and normal faulting.

GEeoLoGIcAL HisToRY

In pre-Cambrian time Baltimore County was covered by water in
which detritus was accumulating from some ncighboring land mass.
The cxact loeation of this land is a matter of conjecture. The character
of the sediments in the Baltimore gneiss indicates that the formation
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I'1a. 1.~ View showing erosion of old iron nine in the Arundel formation, Schoolhouse
1ill, Baltimore County

TG, 2.—View showing Patuxent-Arundel contact, south shore of Spring Gardens,
the probable locality where Tyson colleeted the historiec Johns Hopkins eyead
stump, Baltimore County,






MARYLAND GEOLOGICAL SURVEY 193

was derived from the disintegration of granitie roeks, granodiorites,
and quartz monzonites. The aneient highlands that furnished the
material for the Baltimore gneiss was very probably somewhat
similar in eomposition to the Sierra Nevada range of the present day.

After a period of eonsiderable duration suffieient to allow for a thick
accumulation of arkosie material these sediments were consolidated
into the roeks that later were transformed into the Baltimore gneiss.

If, as appears probable, the Baltimore gneiss is the equivalent of the
Grenville series, then the orogenie movement that aeeompanied the
early Laurentian igncous aectivity must have intensely deformed the
Baltimore gneiss and may also have established the main struetural
lines of the region. The intrusion of some granite magma possibly
that of the Hartley granite, furnished an abundance of advanee emana-
tions in the form of alkalie vapors and highly fluid solutions that
penetrated by lit-par-lit injeetion along the bedding planes of sehistos-
ity in the upper laycrs of the formation thereby produeing a banded
injeetion gneiss. A subordinate amount of basie igneous roek was
probably intruded at the samc time sincc we find stringers of horn-
blendic gneiss within the biotite Baltimore gneiss.

A eonsiderable period of erosion followed and later there was laid down
the Glenarm series. The oldest member of this series eonsisted of
arkosie, silieeous, and argillaceous sediments that now eompose the
Setters formation. Whatever fossil remains these sediments may have
eontained were destroyed by the metamorphism that eonverted them
into gneiss, quartzite, and sehist.

Loeal oseillation of the sea brought about a change in the eharaeter
of deposition and calcareous and magnesian deposits aeeumulated in a
transgressing sea. This impure calcareous magnesian material has
formed the Coekeysville marble. A reeurrenee of the eonditions that
prevailed at the beginning of Glenarm sedimentation resulted in a thiek
aeeumulation of interbedded siliceous and argillaceous sediments with
abundant arkosie beds. The arkosie beds were produets of near-
shore sedimentation derived from dceay of adjaeent igneous feldspathie
roeks. The silieeous sediments were better sorted and were aceu-
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mulated farther out in the sea, while the argillaceous sediments were
deposited in quieter waters. Subsequent metamorphism of this reeur-
rent series of sand, clay, and arkose has produced the southern type of
Wissahickon mica gneiss and schist with a lithology almost identical
to that of the Setters formation.

In the northwestern part of Baltimore County the albite-chlorite
schist represents a thick bed of feldspathic clay which has been sub-
sequently metamorphosed into an albite-chlorite schist. Studies by
the writers®” along the Susquehanna River south of Columbia, Penn-
sylvania, have suggested the possibility that the albite-chlorite schist
represents a northern facies of what is called the Wissahickon formation
to the southeast.

Scdimentation toward the end of Glenarm time gradually became
less feldspathic and more siliceous, forming the series of arenaceous
deposits interbedded with argillaceous beds of unknown thickness that
has given rise to the Peters Creek formation. These Peters Creek
deposits together with the northern albite-chlorite schist facies of the
Wissahickon formation show a much milder type of anamorphism than
the thoroughly recrystallized oligoclasc-mica schist of the Wissahickon
formation with its abundant development of the heavy minerals char-
acteristic of zones of intense metamorphism.

After the deposition of the Glenarm series the country was once more
thrown into a series of folds that probably coincided with the major
axes of the previous folding. Extensive invasions of gabbro took
place followed by intrusions of granite and granodiorite. It is probable
that the gabbro was intruded at the close of the period of folding.
Since the granite cuts across the Glenarm anticline and intrudes the
gabbro it is obvious that it is of later age than the deposition of the
Glenarm series. It is itself deformed and may represent a later intrusion
.in a definite sequence of plutonic intrusions inaugurated by the gabbro,

37 Knopf, E. B., and Jonas, A. I., McCalls Ferry-Quarryville district: U. S.
Geol. Survey Bulletin 799, 1929.
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and resembles in texture the Columbia granite of Virginia which is
pre-Ordovician®® and probably pre-Cambrian.

No Palcozoic sediments occur in Baltimore County and its history
for that time must be inferred from adjoining regions. Lower Cambrian
deposition is known to have occurred in Frederick County where argil-
laceous and arenaceous sediments were laid down on the beveled edges
of rocks of the Glenarm series. It is possible that this early Paleozoic
sea extended east of the present extent of the Lower Cambrian rocks
and that erosion has since removed them in Baltimorc County. A
further clue to Paleozoic history may be gained from Virginia in a belt
south of the Potomac to south of James River. In that arca erosion
had removed all but pre-Cambrian sediments by Chazyan time during
which fine argillaceous sediments were deposited upon the surface of
pre-Cambrian rocks. This trough in Virginia lies southwest of Balti-
more County in the trend of the Peach Bottom syneline but the existence
of a contemporancous deposition in Baltimore County is a matter of
conjecture.

Post-Chazyan history of the rocks of the Glenarm series of Baltimore
County must be sought along the western edge of these rocks in south-
eastern Pennsylvania and western Maryland. In that area it is seen®®
that the Glenarm rocks and overlying Cambrian sediments were thrust
northwest along a low angle thrust ealled Martic overthrust. This
thrusting was post-Chazyan and was followed by folding which affected
overthrust and autochthonous rocks alike.

The thrusting and folding may have taken place in a period of de-
formation which closed the Paleozoic or it may have been begun earlicr
in late Ordovician or Devonian folding.

After the last period of thrusting and folding which affected the area a
granite intrusion oceurred now represented by the Woodstock and
Ellicott City granites and associated pegmatites. These granites

38 Taber, Stephen: Geol. of Gold Belt in the James River basin. Virginia
Geol. Survey Bull., Vol. VII, 1913, pp. 39-52.

Jonas A. I.: Geologie Reconnaissance in the Piedmont of Virgin ia Bull. Geol.

Soc. Amer., Vol. XXXVIII, 1927, p. 841.
3 Loc. cit., U. S. Geol. Survey Bull. 799, 1920.
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show by their slightly deformed granitic texture that they arc post-
tectonic granitcs hence probably post-Paleozoic in age.

After the Appalachian revolution Baltimore County was eroded until
Triassic times, when it is possible that sandstones and shales of the
Newark group were deposited in this area although none of these
deposits now exist there. The western part of Baltimore county lies
20 miles southcast of the western belt of Triassic sediments and only a
little northwest of the central axis that separates the western and
castern belts of Triassic rocks. The igncous activity that accom-
panied Newark scdimentation left its mark in the diabasc dike that
crosses the county. Normal faulting which characterized Triassic
deformation has not been observed in Baltimore County.

The crystalline rocks of Baltimore County have originated in two
ways: some as igncous rocks that have consolidated from a molten
eondition beneath the carth’s crust, and subsequently revealed to view
by removal of the overlying material; others as sedimentary rocks that
are the disintegrated materials of former land surfaces, washed down
from the highlands, dcposited under water, and then consolidated.
Both types of rocks have been altered from their original form under
the influence of intense pressurc, high temperature, and chemical
reaction. Owing to this alteration the rocks now appear under new
forms with changed mineral componcnts. New characteristics are
superimposed upon the old so that when the alteration is complete the
old form is totally obliterated. In the casc of such profound alteration
the derivation of the rocks must perforee remain a matter of speculation.

The altered rocks are known as erystalline schists and their char-
acteristic feature is their schistosity, or tendeney to split readily along a
given direction. This property of sehistosity in a roek is eaused by a
definite arrangement of the mineral components. Certain tabular
or platy minerals such as mica, hornblende, or feldspar possess an
inherent tendency to split along a given dircetion, whieh property is
known as cleavage. Such minerals, if originally scattered at random
in the rock, may be rearranged, under pressure, so that they lie with
their cleavage planes parallel; or such minerals may be newly formed,
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with parallel cleavage dircctions, by recrystallization of chemical com-
pounds that were originally present in some other mineral combination.
This parallel arrangement of the clcavage planes in the mineral compo-
nents produces schistosity in the rock. These schistose rocks, which
arc largely made up of tabular crystals of such minerals as mica and
hornblende, have a eharacteristie banded and sparkling erystalline look,
in which they differ greatly both from the loose unconsolidated sands
and gravels of the Coastal Plain and from the indurated and compara-
tively lustreless sandstones and shales of the Triassic Valley.

The oldest crystalline schist of sedimentary origin is the Baltimore
gneiss, a light colored rock of granitic aspect that is well exposed in
numerous quarries within the city of Baltimore. The upper part of the
formation has been thoroughly penctrated by the emanations from an
underlying molten mass of granitie eomposition. The resultant banded
rock, which is an injection gneiss, forms a large part of the arched uplift,
near Phocnix. The sediments of the Baltimore gneiss were deposited
during pre-Cambrian time, in the oldest era of the earth’s geological
history. They are separated from the overlying Glenarm series by an
erosional unconformity, an interval during which the Baltimore gneiss
sediments werc folded, uplifted above sea level, and wasted away under
the processes of land erosion. Subsequently the worn and dissected
land mass was covered by Glenarm sediments.

The lowest formation of the Glenarm series is the Setters, which was
laid down as an irregular shore deposit of variable thickness in a sea
that doubtless lapped upon an embayed coast line fringed with numer-
ous islets. The materials of the Setters were sandy with occasional
layers of mud. They are now recrystallized to mica-gneiss, quartazite,
and mica-schist.

The Cockeysville marble was formed over the Setters formation, or
over the Baltimore gneiss wherc the Setters formation is cntirely
absent. It is a calcareous deposit alternating with magnesian layers.
The whole formation was later converted into marble and certain beds
furnish an exccllent building stonc which has been utilized in many
public buildings, notably in the Washington Monument.
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The thickest part of the Glenarm series is comprised in the Wissa-
hickon formation and the overlying Peters Creek formation. The
Wissahickon is separated into two mineralogical facies on the basis of
difference in conditions of recrystallization (metamorphism). The
southern facies (oligoclase mica-schist) was recrystallized under deep
seated conditions from a series of sands and shales essentially similar
to the sediments of the Setters. The northern facies (albite-chlorite
schist) was erystallized from the same type of sediments as the oligo~
clase-mica schist but alteration took place in the uppermost zone of
metamorphism. The Peters Creek formation is a highly arenaceous
series, comprising quartzite, quartzose schists, and mica-schists. It
occupies the trough of a synclinal fold and overlies in conformable
sequence the Wissahickon oligoclase-mica schist on the south side of the
syncline and the Wissahickon albite-chlorite schist on the north side.

There is no evidence of any break in deposition during the sedimenta-
tion of the Glenarm series and the occasional absence of the lower
formations of the series probably means that the sea advanced over the
land, thereby carrying the upper deposits further inland, where they
rest upon the Baltimore gneiss, rather than that the lower beds have
been originally present and removed by erosion before the upper beds
were laid down.

The whole series is believed to be pre-Cambrian because there are
greenstone schists infolded with Wissahickon formation of northern
Maryland and southern Pennsylvania and these greenstones are derived
from basaltic lavas similar to the lavas that were poured out during pre-
Cambrian time from voleanoes in Catoctin Mountain, Maryland, and
South Mountain, Pennsylvania. Basal Cambrian conglomerate un-
conformably overlies the greenstones and albite chlorite facies of the
Wissahickon schist of the Piedmont so that it seems evident that the
whole Glenarm series was laid down before the opening of the Paleozoic
era. The absence of fossils in these crystalline schists is probably due
to absence in the sediments of forms of life that would be preserved in a
manner capable of surviving the subsequent deformation that the rocks
have undergone.
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The igneous roeks of Baltimore County eomprise both light eolored,
prevailingly grayish roeks of granitie eharaeter, and dark eolored, usually
green roeks known as gabbro, serpentine or diabase. Several granitie
roeks have been deseribed, belonging to at least three different periods
of granitie intrusion ranging in age from the pre-Cambrian to a mueh
later epi-Carboniferous period of igneous aetivity that broke out long
after the Coal measures had been laid down in western Maryland.

The gabbro and serpentine doubtless represent different parts of the
same molten magma. They have been formed more reeently than the
Glenarm series and are intruded into Glenarm roeks. The diabase is
the only unaltered roek in the region and is very similar to other diabases
that belong in the Triassie period of igneous intrusion later than the
epi-Carboniferous igneous aetivity. Therefore the Baltimore County
diabase is believed to be Triassie.

The region of Baltimore County eorresponds in its lithology, geologie
strueture and age to the erystalline roek in the distriet of New York
City. The relations between the erystalline roeks of New York City
and of Baltimore that are suggested by the present work may be defi-
nitely established by further study in New York, Connectieut, and
Massachusetts.




THE COASTAL PLAIN DEPOSITS

BY
EDWARD W. BERRY

INTRODUCTORY

The Coastal Plain deposits of Baltimore County oeeupy approxi-
mately the southeastern fourth of the eounty and present no loeal
features whieh differ from the adjacent areas to the northeast and south-
west. During the immeasurably long interval following the formation
of the rocks of the Piedmont three-fourths of the county, this region was
above the sea and accumulated no permanent sediments. This interval,
during which Baltimore County was a land area, embraces more than
half of the Mesozoic era and comprises what are known as the Triassic
and Jurassic periods.

There seems to have been a depression of this old land surface at the
close of Jurassic time, which permitted the accumulation of the non-
marine, continental deposits of the Lower Cretaceous which are known
as the Potomae group of formations.

This depression was in the surface of the weathered erystalline rocks
similar in eharacter to those now outeropping in the Piedmont part of
the county, and these rocks form the present irregular sloping floor
upon which the Coastal Plain sediments rest.

This accumulation of Lower Cretaceous continental deposits followed
the southeastward warping of the old surface and occurred chiefly in
the present drainage basins of Whitemarsh, Stemmer, and Herring runs.

TuE LowER CRETACEOUS FORMATIONS

The Lower Cretaceous deposits of Baltimore County outerop in
inconsiderable areas in the southern part of the county. They con-
stitute a part of the belt of deposits along the inner margin of the
Atlantic Coastal Plain from Pennsylvania to southern Virginia. They
are more extensively developed in Maryland than elsewhere throughout
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Fia. 1.—View showing the Patuxent-Arundel contact in Belt Line Cut near the eastern
boundary of Baltimore City

T1g. 2.— View showing Patapsco sands and clays overlain by Pleistocene sands, B. & O.
R. R. Cut, Rosedale Hill, Baltimore County
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. their extent and have been mueh studied, espeeially in the region be-
tween Baltimore and Riehmond, where they are more fossiliferous than
in Baltimore County.

The deposits are largely sands and clays of varying stratigraphie and
lithologie charaeteristies and are, for the most part, uneonsolidated,
although in plaees sandstones are developed by loeal eonsolidation,
often through the ageney of iron oxide.

The deposits in general dip gently toward the southeast, the dip
usually beeoming flatter in passing seaward or upwards in the series.

THE POTOMAC GROUP

The Potomae group, originally named the Potomae formation by
MecGee, consists of highly colored gravels, sands, and clays, erossing
the eounty in a belt from northeast to southwest from Gunpowder to
Elkridge, underlying much of Baltimore City and the Coastal Plain,
and furnishing artesian water to the Aberdeen Proving Grounds and
the great industrial development on both banks of the Patapseo south-
east of the City of Baltimore.

The Potomae group is now reeognized as made up of the Patuxent,
Arundel, and Patapseo formation, all three being recognized in Baltimore
County.

The Patuzent Formation

The Patuxent formation was named from Patuxent River in the basin
of which these deposits were first reeognized as anindependent formation.

Areal distribution.—The Patuxent has the largest areal extent of any
of the Potomaec formations in Baltimore County although eonsiderable
areas have been removed by the active erosion of the region. Its area
of outerop extends from the Gunpowder near Loreley westward past
Germantown on Belair Road, where there is an area of several
square miles, nearly to Towson where its inner boundary turns to the
south, there being eonsiderable areas south of Towson and around
Govans, separated from the large area underlying the eentral part of
Baltimore City by Setters, Baltimore gneiss, gabbro and Coekeysville.
South of the area of Baltimore gneiss in west Baltimore there are
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extensive exposures of the Patuxent in the region between the Frederick
Road and the southern boundary of the county at Patapsco River
around Westport, Violetville, Halethorpe, Lansdowne, St. Denis, and
Relay.

All the mapped Patuxent lies within the area outlined except for a
considerable outlier around Catonsville.

There are considerable areas of gravel in the Green Spring Valley, the
Dulaney Valley, and in the valley of Goodwin Run, as well as around
Baldwin near the Harford line, that after considerable hesitation have
been mapped as Brandywine, and:which may be of Patuxent age.

Character of materials—The materials comprising the Patuxent
formation are extremely variable, although prevailingly coarse in Balti-
more County. Buff and light colored sands, sometimes more highly
colored by ferric oxide, predominate. These sandy materials are often
highly arkosic, that is, they contain considerable amounts of kaolinized
feldspar. They are in many places cross-bedded and in this region
frequently merge into gravels with pebbles of considerable size. Inter-
bedded with the sands and gravel bands are small and large lenses of
clay, which are commonly light colored, very rarely containing enough
carbonaceous matter to give them dark tones, and locally highly
colored by ferruginous oxides.

Organic remains.—The organic remains, or fossils, of the Patuxent
formation are neither plentiful nor varied. In Baltimore County they
are restricted to fragments of petrified wood, occasional cones of a
sequoia, and fragments of silicified stumps of cycads. The first cycad
stumps found in America were collected by Tyson, former State
Geologist, from near Spring Gardens at the extreme southern part of
the county, now a part of Baltimore City.

A considerable flora made up of ferns, eycads, and conifers, has been
described from the Patuxent. These were obtained for the most
part from outerops of the formation in northern Virginia.

Strike, dip, and thickness—The strike of the Patuxent formation in
Maryland is in a general northeast-southwest direction, becoming more
nearly north and south as the valley of the Potomac is reached, to the
south of which, in Virginia, the strike is north and south.
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The dip of the beds is to the southeast but is variable in amount,
especially in proximity to the ‘fall-line,”” where in places it largely
excecds the dip of the main body of the deposits farther eastward. The
dip to the southeast varies from 50 to over 100 feet to the mile, averag-
ing about 60 feet, but showing considerable variation along the immediate
border of the Piedmont. Itis 90 feet at Bay View, 66 feet at Perry Hall,
66 feet at Towson, and 114 feet at Catonsville. The maximum thickness
of the Patuxent formation in this area has been estimated from well
data as between 350 and 500 feet.

There is considerable variation due to the uneven floor of crystalline
rocks upon whieh it was deposited and to the removal of considerable
thicknesses by erosion in some areas. The surface outcrops in Baltimore
County are usually inconsiderable in thickness.

Stratigraphic relations.—Throughout its extent in Baltimore County
the Patuxent formation rests, with marked unconformity, on the ancient
crystalline roeks of the Piedmont. It is in general overlain unconform-
ably by the Arundel formation. Where erosion has been marked it may
form the surface as is the ease in many outerops between Govans and
Perry Hall, or it may be overlain uneonformably by Pleistocene surfieial
deposits.

The Arundel Formation

The Arundel formation was named from its typical development in
Anne Arundel County, Maryland.

Areal distribution.—The outerops of the Arundel formation are
confined to the region adjacent to the “fall-line” in the southeastern
part of the eounty. These are extensive in the vieinity of Halethorpe,
Lansdowne, and eastward to Westport on the neck between Middle
Branch and Patapsco River. They may also be seen in the uplands
both north and south of Herring Run and in the euts of the Baltimore
and Ohio and Pennsylvania railroads in the vieinity of Stemmer Run.

Lathologic character—The Arundel formation econsists typieally of
drab, more or less lignitie elays, in places carrying nodules, flakes and
ledges of earthy iron earbonate or siderite, which is often oxidized to
form limonite. These ores werc formerly mined, particularly in the
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region between Baltimorc and Washington, the furnace at Muirkirk
having gone out of operation only a few years ago.

Strike, dip and thickness.—The strike of the Arundel formation is
essentially parallel to that of the Patuxent formation, being northeast
to southwest across Baltimore County. The dip of the beds is to the
southeast, and is in general about 50 feet to the mile. The observed
thiekness of the Arundel formation varies from a few feet to about 100
feet.

Organic remains.—Both animal and plant fossils have been found in
the deposits of the Arundel formation, although only the latter elass of
remains are known from Baltimore County. A considerable fauna of
great interest and including a variety of dinosaurs, crocodiles, and turtles
has been deseribed from outerops of the Arundel formation in Prinee
George’s County, and a few poorly preserved fresh-water mollusks are
oceasionally encountered. The only notable Arundel plant locality
in Baltimore County is in a low cut along the Baltimore and Ohio
Railroad near Bay View, from whieh 8 different species of ferns, eycads,
and eonifers have been deseribed. The Arundel flora is of the same
general type as that of the Patuxent formation and a large number of
speeies of the latter survived into the Arundel.

Stratigraphic relations.—The Arunde] formation rests unconformably
on the Patuxent, oeeupying depressions, believed to be old drainage
lines in the surfaee of the late Patuxent and is thought to represent
deposits formed in favorable situations in swamps toward the elose of
Patuxent time. It can not be recognized northeast of Baltimore County
and disappears south of the Potomac River in Virginia. Its large eon-
tent of iron is due to the areas of crystalline rocks high in iron such as
the gabbro, whose weathered produets made up its materials. In the
presenee of the earbonaceous materials accumulating in the Arundel
swamps the iron was deposited as the carbonate. In the sediments of
the earlier Patuxent and later Patapseo formations there was not cnough
earbonaeeous material to reduee these iron salts, eonsequently they
are responsible for the highly eolored nature of so much of their sedi-
ments which are in striking contrast to the less highly eolored and often
drab and dark eolors of the Arundel deposits.
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Exeept where the later sediments have been removed by erosion the
Arundel is overlain uneonformably by the deposits of the Patapseo
formation or in the absence of the latter by the Raritan or Pleistocene.

The Patapsco Formation

The Patapsco formation was named from Patapseo River in the lower
valley of whieh its deposits are well exposed and were first studied and
recognized as an independent formation.

Areal distribution.—The Patapseo formation outerops in Maryland
in a belt of varying width extending from the Delaware line southwest-
ward to the Distriet of Columbia, generally immediately to the south-
east of the Patuxent or Arundel formations.

In Baltimore County most of the higher elevations along the inner
margin of the Coastal Plain on both sides of the “fall-line,”” from Harford
County on the east to Anne Arundel County on the south, are eapped
with the deposits of the Patapseo formation. Other areas mapped
as Patapseo, notably a large area in Eleetion Distriet No. 12 between
Gunpowder and Baek rivers, are mostly eoncealed by surficial deposits.

Character of muterials—The Patapseo formation eonsists chiefly of
highly eolored and variegated elays, interbedded with sandy elays,
sands, and gravels, the materials of different kinds grading into one
another both horizontally and vertieally. In many plaees the sandy
beds in the vieinity of the elays are indurated to form layers or pipe-like,
or irregular pseudoeonglomeratie layers of ironstone. The variegated
elays exhibit a great variety of rich and delicate tints in blotehed pat-
terns. The sands are commonly eross-bedded and may earry pellet
of clay or deecomposed feldspar. A red oehre, known loeally as “paint

’ is not uncommon, espeeially in the distriet

roek” or “paint stone,’
immediately south of Baltimore City.

In general the materials that eonstitute the Patapseo formation are
readily distinguished from those of the Arundel formation by their eolor.
At certain loealities where the Patapseo elays eontain mueh earbonace-
ous material they may be drab and are then likely to eontain reeognizable

plant remains, as at Federal Hill. The Patapseo differs from the Patux-
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ent in the predominance of clayey over sandy materials and in their, in
general, more brilliant colors.

Organic remains.—The Patapsco deposits have yielded a few speci-
mens of poorly preserved unios and an extensive flora, including repre-
sentatives of ferns, cycads, conifers, and flowering plants. The ferns,
cycads, and conifers represent for the most part the dwindling remnants
of the Patuxent-Arundel flora, some species being common to all three
formations and the genera being largely identical. The fern genera
Scleropterss, Schizzopsis, and Taniopteris have disappeared, but Ruffor-
dia, Cladophlebis and Onychiopsis are still common. Petrified remains
of a species of the fern known as Tempskya and impressions of fronds of
a peculiar new genus of ferns, Knowltonella, are highly characteristic of
this formation. Among the cycads Podozamites and Zamites are repre-
sented, but the genera Nilsonia, Dioonites, Ctenis, Ctenopteris, and
Ctenopsis of the older Potomac have disappeared. Silicified trunks of
Cycadeoidea have been found in the Patapsco, but it is questionable if
they have not been reworked from the older formations.

Among the conifers Laricopsis, Baiera, Cephalofaxopsis, and Arthro-
taxopsis are no longer represented. Species of Widdringtonites and
Pinus are new and characteristic, while the genera Sequoia, Sphenolepis,
Brachyphyllum, and Nageiopsis are still present.

The marked distinctness and more modern aspect of the Patapsco
flora is due, however, to the abundance of Dicotyledonz, which fore-
shadow and were undoubtedly for the most part ancestral to the Dicoty-
ledone of the Upper Cretaceous Raritan formation.

The more characteristic of thesc are the various species of Araliaephyl-
lum, Sterculia, Cissites, Celastrophyllum, Populophyllum, etc. The
compound leaves of Sapindopsis are one of the most striking dicotyle-

donous elements present. Three species are known and all are strictly
confined to this horizon in eastern North America. In Baltimore
County the only prolific fossiliferous locality is that of Federal Hill.
Most of this area is now built over, but during the grading and opening
of streets many large collections of fossil plants were made. These
contained 10 different species of ferns, a very common Equisetum, 9
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different conifers, and 9 different species of flowering plants, or Angio-
sperms as they are called.

Strike, dip, and thickness.—The strike of the Patapsco formation is
essentially identical with that of the older formations of the Potomac
group. The normal dip varies from 35 to 40 feet to the mile toward
the southeast. The thickness is variable, the maximum being in well
sections where a thickness of 260 feet has been found. Surface outcrops
both in the county and elsewhere are usually much less than this, the
maximum obscrved being at Red Hill in Cecil County where a thickness
of 130 feet was mcasured.

Stratigraphic and structural relations.—The Patapsco formation in
Baltimore County is everywhere underlain by the Arundel formation,
but the latter is conspicuously absent in Cecil County, and also in the
Potomac Valley and southward in Virginia. In places, as at Relay, the
Patapsco transgresses the older Potomac formations and rests on the
crystallline rocks of the Piedmont, thus affording clear evidence of the
unconformity at the base of the Patapsco, which is corroborated by
the striking contrast between its flora and that of the Patuxent and
Arundel.

The Patapsco formation was much eroded prior to the deposition of
the overlying Raritan formation. Southwest of Baltimore County
where the Raritan becomes thinner and finally disappears altogether,
the Patapsco is overlain by later Cretaceous or Tertiary deposits, and,
in the absence of these, by Pleistocene materials.

THE UrPER CRETACEOUS

Several Upper Cretaceous formations have been differentiated in
Maryland, chiefly on the Eastern Shore and in Southern Maryland, the
only Upper Cretaceous formation represented in Baltimore County
being the earliest of these, known as the Raritan formation.

The Raritan Formation

The Raritan formationreceives its name from the typical development
of beds of this age around Raritan Bay in New Jersey, where they were
long known as the Amboy Clays and afford the basis of an cxtensive
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industrial development. There is eonsiderable question among geolo-
gists as to the propriety of eorrelating the southwestward extending belt
of sands and elays with the very extensive development of these in the
Amboy distriet of New Jersey, and it is possible that the latter represent
a long interval of essentially estuarine deposition not represented else-
where in the Atlantic Coastal Plain.

Areal distribution.—In its wider distribution the Raritan formation
has been recognized from the type loeality in the Amboy distriet of
New Jersey around Raritan Bay eastward on Staten Island and on west-
ern Long Island, New York, and southwestward aeross New Jersey,
Delaware, and Maryland to the valley of the Potomae, although, as
stated in a preeceding paragraph, there is some doubt as to the validity
of this correlation. In Baltimore County, what has been mapped as
Raritan is exposed in limited areas immediately overlying the Patapseo
on Baek River neek between Middle and Baek rivers, and on Patapseo
River neek between Back and Patapseo rivers, and in a low exposure
near Roeky Point at the mouth of Baek River where erosion has brought
it to light from beneath the Pleistocene cover.

The Raritan is encountered in wells, lying on top of the Patapseo
formation and beneath the Pleistoeene in all of the peninsulas between
the Gunpowder and Patapseo rivers in the southeastern part of the
eounty.

Character of materials.—The Raritan consists of materials similar to
those of the underlying Patapseo, that is elays, sands, and subordinate
amounts of gravel. The elays, although frequently variegated, are
generally less highly eolored than those of the Patapseo. Often they
are more or less drab in color due to their content of carbonaceous
matter, and thin lignitie and more or less pyritiferous layers may then
be intercalated. The sands are frequently white or buff in eolor and
these may be loecally indurated into hard ledges by either silica or iron
oxide. In the latter case they will be brownish or reddish in color.

Paleontologic character.—In the region southwest of New Jersey only
plant fossils have been found in the Raritan. In Maryland these have
been found chiefly on Elk Neek in Ceeil County and at Congress
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I'1a. 1. View showing eroded upper surface of the Patuxent overlain by Suunderland
deposits, Belt Line Cut near Charles Street, Baltimore City

T'ra. 2.—View showing Pleistocene gravels at Catonsville, Baltimore County
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Heights, aeross the Anacostia River from Washington. The only
loeality in Baltimore County where identifiable plant fossils have been
found is at the mouth of Back River near Rocky Point where a few
leaves of Dicotyledons have been eolleeted.

Strike, dip, and thickness.—The strike and dip of the Raritan forma-
tion eorrespond elosely with those of the underlying Patapsco formation.
The normal dip varies from 30 to 50 fect to the mile, recaching a maximum
to the northwest and flattening toward the southeast. None of the
few exposures in the eounty show any eonsiderable thiekness. In the
artesian well at Bay Shore the supposcd Raritan is 165 feet thiek. The
formation thiekens toward the northeast beyond the limits of the eounty.

Stratigraphic relations.—The Raritan is eonsidered to overlic the
Patapsco formation unconformably, although there is no cvidence of
such an uneonformity within the limits of Baltimore County, in faet
there are few outerops in this area that expose the eontact with the
Patapseo. It is considered to be unconformably overlain by the
Magothy formation in other parts of the Coastal Plain of Maryland,
but in Baltimore County it is almost entirely eoncealed by the surfieial
deposits of the Talbot formation of the Pleistoeene.

THE PLEISTOCENE FORMATIONS

The Pleistoeene formations of Maryland and the Coastal Plain to the
southward arc usually considered to eonstitute the Columbia group, so
named by MeGee.

They are of similar origin and have many eharaeteristics in common,
consisting mostly of surficial gravels, sand, and loam, with oeeasional
cobbles and buried swamp deposits, with the same physiographic
expression. Within the area of Baltimore County four formations have
been mapped, although others have been reeognized, the difficulties of

determining their exaet age or of eorrelating eireumseribed exposures,
particularly of the older, has prevented positive eoneclusions until the

comparable deposits of the whole provinee of which Baltimore County
is a small part, shall have been studied in detail.
The formations recognized, from oldest to youngest, are the Brandy-
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wine, Sunderland, Wieomico, and Talbot. It is impossible to differen-
tiate these by either lithologie or paleontologic criteria as the materials
of which they are composed are largely derived from the older formations
whicl occur in the region, and all except the youngest are not at all or
sparingly fossiliferous. The lithology varies both horizontally and
vertically and is apt to change with the underlying formations so that
the deposits belonging to the same formation may, in different areas,
differ more than the deposits of two different formations in proximity
to one another and to the common source of their sediments.

Sometimes a formation will appear as a lithologic unit in a single
exposure. At other times there are local breaks denoting rapid changes
in sedimentation. Their differentiation and mapping has therefore
depended almost entirely upon their physiographic expression (sec
chapter on Physiography).

The Brandywine formation

The term Brandywine was proposed by W. B. Clark! in 1915 to
replace what had previously been ealled “Lafayctte’” in Maryland after
it was shown that the type seetion of the Lafayette in Mississippi was
of early Eocene age. It was named from the exposures near the town
of Brandywine in Prince George’s County. As defined by Clark, it
eomprised what had been called Lafayette and still earlier Appomattox,
and ineluded supposed high-level restricted outliers in the Distriet of
Columbia, Baltimore and Cecil counties (470 to 508 feet) as well as the
extensive more or less dissected but eontinuous plain extending from 200
to 300 feet above sea level that forms the peninsula of Southern Mary-
land southeastward to the scarp near Charlotte Hall which separates it
from the Wicomico formation.

It was subsequently shown by Bascom and Miller® that the high-level
gravels just alluded to differed in age from the lower-level more con-
tinuous plain of Southern Maryland, and the name Bryn Mawr was
applied to the former which has not been recognized in the Coastal

1 Clark, W. B., Amer. Jour. Sci., vol. XL, pp. 499-506, 1915.

* Bascom, F. and Miller, B. L., Elkton-Wilmington Folio, U. 8. Geol. Survey,
211, p. 12, 1920.
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Plain. These latter are diseussed in the chapter on the Physiography
of Baltimore County. What is believed to represent the thus modified
Brandywine is presentf in limited areas in Baltimore County, but no
where in a surely reeognizable eondition, sinee it is readily eonfused with
high-level Sunderland and with residual gravels of the Cretaeeous.

The Sunderland formation

The Sunderland formation was named by G. B. Shattuek? in 1901 from
Sunderland, Calvert County, where its deposits are typieally developed.
Areal distribution.—The Sunderland formation is developed as a
terraee or plain topping the seeondary stream divides along the inner
margin of the Coastal Plain. In Baltimore County it oeeurs as a fairly
continuous but mueh dissected border along the ‘“fall-line,” 2 to 3 miles

in width and at altitudes of 160 to 200 feet, entirely aeross the county.
In its wider extent it extends in a similar situation along the Atlantic

border into the South Atlantie States.

Character of materials.—The materials of the Sunderland eonsist of
variable proportions of gravel, sand, and elay, showing large amounts of
vertieal and horizontal variation within short distanees. Oeeasional
cobbles of eonsiderable size are believed to have been brought into the
area of sedimentation by river iee, just as the Susquehanna River at the
present time distributes sueh eobbles around the head of Chesapeake
Bay. The pebbles of the Sunderland as a rule show less weathering
than those of the high-level gravels of the Piedmont region of the eounty,
as at Catonsville, Reisterstown, ete.

Physiographic expression.—The Sunderland deposits constitute the
Sunderland plain, and were laid down during the depression of early
Pleistoeene time, when the waters of the Atlantie extended up the river
valleys and over the lower interstream areas. These waters tended to
remove and spread out the existing irregularities of surfaee and to eut a
eliff or esearpment where their waves broke on higher parts of the shore.
In plaees this searp bounding the landward margin of the Sunderland is
preserved, partieularly in parts of the Coastal Plain south of Baltimore

* Shattuck, G. B., Johns Hopkins Univ. Cire. No. 152, 1901.
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County. The surfaee of this Sunderland plain ranges in altitude from
160 to 200 feet and slopes gently toward the southeast and toward the
larger estuaries at a rate of 8 to 10 inches to the mile, a slope so gentle
as to be praetieally indistinguishable in the narrow belt of deposits that
have been preserved in Baltimore County.

Paleontologic character—No recognizable fossils have been discovered
in the deposits of Sundcrland age in Baltimore County, although a
considerable flora has been described from beds of this age in Calvert
County.

Thickness.—The thickness of the Sunderland in any region depends
upon the nature of the surfaee upon which its deposits were spread and
to some extent upon the variations in the amount of elastie material and
aceording to the character and degrce of weathering of the rocks over
which the Sunderland sea transgressed.

Stratigraphic relations.—The Sunderland deposits overlie unconforma-
bly whatever older formations constitute its base.

The Wicomico formation

The Wicomico formation was named by Shattuck* from the typical
development of its beds in Wieomico County on the Eastern Shore of
Maryland. After an interval of emergence, a change of level permitted
another invasion of the sea over the arca but this was a lesser submer-
gence than that of the Sunderland and conscquently extended over a
smaller arca.

Areal distribution.—The Wicomico deposits form a plain lying at a
lower level than the Sunderland and consequently form a seaward border
to the latter from which they are normally separated by a wave-eut
searp representing the shorcline of the Wicomico sca. Wicomico de-
posits cxtend entirely across the county in a belt lying immediately to
the southeast of the Sunderland belt. In their wider extent they can be
traced from New Jerscy into the South Atlantie States and are beauti-
fully developed on the Eastern Shore of Maryland. The terrace plain
formed by the upper surface of the Wicomico deposits is slightly over 3

¢ Shattuck, G. B., Johns Hopkins Univ. Cire. No. 152, 1901.
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miles wide southeast of Whitemarsh in the castern part of the eounty
and over 4 miles wide on Patapsco River neck. It is well developed in
Baltimore City south of North Avenue, although now entirely obscured
by grading and buildings. It is also well developed in the City of
Washington, Capitol Hill consisting of deposits of this age.

Character of materials.—The materials which constitute the Wicomico
formation are similar to those of the Sunderland and in faet they were
largely formed by degredation and redeposition of the unconsolidated
sediments of the latter. Asin all the Pleistocene deposits of the eounty,
the materials comprise varying amounts of gravel, sand, clay, and loam,
with occasional eobbles brought in by iee. South of Baltimore County
peat beds, sometimes with huge cypress stumps, are buried in the base
of the formation, but no oeeurrenees of this sort have been diseovered
in the county.

Physiographic expression.—The Wicomico is developed as a terrace
bordering the outer edge of the Sunderland and extending as reentrants
up the larger stream valleys. Its surface forms the Wieomieo plain so
extensively developed in regions to the south of Baltimore County.
The surface of this plain lies at altitudes of from 80 to 100 feet and slopes
gently toward the sea and the larger estuaries.

Paleontologic character—No reeognizable fossils have been found in
the Wieomieo deposits within the limits of Baltimore County. Outside
this area oceasional molar tecth of elephants have been found, as well
as numerous fossil plants. In excavating at the site of the Walker
(now Mayflower) Hotel on Conneeticut Avenue in Washington, a few
years ago, a 6 to 9-foot bed of peat eontaining huge stumps of the bald
cypress was encountered at the base of the Wicomico. This peat has
yielded 78 species of diatoms® and 28 species of terrestrial plants, as well
as various inscct galls.®

Thickness.—The thickness of the Wicomico formation is not at all
uniform, owing to the uneven surface upon which it was deposited.
This thickness may range from a few fcet to 50 feet or more. The forma-

$ Mann, Albert, Jour. Wash. Acad. Sci., vol. 14, pp. 26-32, pl. 4, 1924.
¢ Berry, Edward W., Idem, pp. 12-25, pl. 1-3.
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tion thiekens in the old valleys and thins on the divides and is seldom
as great as might be supposed from the faet that the base in places may
be as low as 40 feet above tide while the surface may rise to 100 fcet.
Notwithstanding these irregularities the formation as a whole oceupies
an approximately horizontal position, with a slight southeasterly dip.
The average thickness in Baltimore County is probably from 20 to 25
feet.

Stratigraphic relations.—In this area the Wicomieo overlies uncon-
formably the erystalline rocks of the Piedmont or the sands and elays
of the Cretaceous. It may locally rest on remnants of the Sunderland
but if so the relations would probably not be reeognized because of the
identity of the materials in each.

Age.—Tt has been aecepted by most geologists that the Sunderland,
Wicomieo, and Talbot formations were of Pleistoeene age and that the
topographieally highest was oldest and the lowest youngest. No direct
eonfirmation of this assumption has been possible since the fossil eontent
is insufficient and the species determined are too similar if not identical
with still surviving forms.

It has also been assumed that despite the presenee of cobbles and
even boulders that were obviously earried by floating iee, that in genecral
these formations corresponded with interglacial instead of glaeial periods,
on the assumption that the locking up of water in the ice sheets would
have caused a general lowering of sea level and as the times of deposition
of these formations were times of submergenece, these must have alter-
nated with the times of glaciation. Reeent work by Leverett in the
Susquchanna watershed in Pennsylvania has furnished presumptive
evidence that the Wicomico is of the same age as the valley train from
the terminal moraine of the Illinoian ice sheet preserved at the junction
of North and West Branch of the Susquehanna River. The plant and
animal remains found in the Wicomico indicate climatic eonditions as
warm or even warmer than prevail at the present time at the localities
where they have been found, and it would therefore seem that the defi-
nite reference of these Pleistocene terraee formations exclusively to
glacial or interglacial stages is not warranted.
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The Talbot formation

The Talbot formation was named by Shattuek’ from its typieal
development in Talbot County on the Eastern Shore. It is the young-
est and least modified of the Pleistoeene terrace plains.

Areal distribution.—The Talbot formation is well developed and the
least altered of the Pleistocene terraces in Baltimore County. It oecu-
pies praetieally all of the southeastern part of the eounty between the
secaward edge of the Wieomieo formation and the present Bay shore.
Its surface is a nearly level, gravelly and nearly undisseeted plain
bordering the lower river estuaries and intervening necks of the County
and ranging in altitude from 20 to 40 feet. In its wider extent the
Talbot has been traced from New Jersey to the Carolinas and probably
to the Gulf of Mexico, although its deposits have reecived different
names in the different States. In Virginia and North Carolina, what
corresponds to the Talbot in Maryland has been divided into 2 or 3
separate stages. It seems very likely that more detailed field work in
Maryland will show that what is here ealled the Talbot is eapable of
subdivision into stages corresponding to the Chowan and Pamlieo
formations of North Carolina, and the Mathews formation of Virginia.
This is partieularly true of the development of the Talbot on the Eastern
Shore and in Southern Maryland.

Character of materials.—The materials of the Talbot formation are
essentially similar to those of the other Pleistoeene formations of the
county, namely, loam, elay, sand, gravel, oeeasional cobbles; and
variable in their distribution. They differ from the earlier terrace
formations in their more frequent inelusion of impure peats representing
buried swamp deposits, and most of these swamp deposits, whieh are
abundant around the Bay shore, appear to have been bald eypress
bays or ponds such as are found today from southern Maryland to
eastern Texas.

Physiographic expression.—The Talbot formation is developed as a
terrace whose surfaee forms a plain lying around the margin of the

7 Shattuck, G. B., Johns Hopkins Univ. Cire. No. 152, 1901.
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higher and older Wicomieo plain from whieh it is separated in many
places by a wave-cut scarp. Its scaward boundary is the present shore
usually marked by a low wave-cut searp. Its surface is so young,
geologically, that erosion has not had time to destroy its nearly level
surface, nor are its constituent materials as weathered as those of the
older terraces. Its surfacec may be as high as 40 feet above tide, as
between Bush River and Havre de Graee, but around 20 feetisthe usual
height, and where its extent is great, as in the lower peninsula of South-
ern Maryland, the surface may deeline to the neighborhood of 10 feet.

Paleontologic character—The Talbot formation is the most abundantly
fossiliferous of our Pleistoeene formations and contains the remains of
both marine and terresterial lifc. As previously mentioned, buried
swamp deposits are not uncommon, as southeast of Chase on the Gun-
powder River, near Bowley Run, and at the mouth of Back River. An
abundant flora of leaves and seeds as well as various insect, chiefly
bectle remains, have been collected from Talbot swamp deposits.
Elephant and mastodon teeth and turtle bones are also widely scattered
in these deposits. At many places the Talbot contains the remains of
an abundant marine fauna, chiefly shells of about 40 spccics of mollusea,
as well as crabs, barnacles, sponges, and foraminifera.

Thickness.—The thiekness of the Talbot formation is very variable
and for the same reasons as eited in the ease of the Wicomico, and ranges
from a few feet to a maximum of 40 fect, but is usually about half the
latter figure.

Stratigraphic relations.—The Talbot formation rests unconformably
upon whatever older formation lies beneath it. In Baltimore County
this is probably everywhere Cretaeeous. There may be some indistin-
guishable remnants of Wieomico sediments beneath it along its land-
ward border.

The Recent deposits

In addition to the Coastal Plain terraee deposits described in the pre-
ceding section, a fifth is now in process of formation by the waters of the

*
present rivers and estuaries. This terraee is everywhere present along
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the shores, extending as a gently sloping surface from high-tide level
to a few feet below low-water mark. It is the youngest and topographi-
cally the lowest of the series. Its inner edge coincides with the scarp
which forms the seaward face of the Talbot formation or whatever else
constitutes the present shore. The deposits of this Recent terrace are
similar to thosc of the Pleistocene terraces and comprise muds, sand,
gravel, and peat, deposited in deltas, beaches, bogs, dunes, bars, and
spits.







THE MINERAL RESOURCES OF BALTIMORE COUNTY

BY
EDWARD B. MATHEWS axp EDWARD H. WATSON

INTRODUCTORY

The industrics based upon the local mineral resources in Baltimore
City and County have been developed primarily for the mecting of the
local nceds of a growing eommunity rather than because of the oceur-
rence of any unique deposits which could meet the demands of larger
areas more successfully than deposits from clsewhere. Little of the
production during the last century has been shipped beyond the limits
of the Statc except in the case of a few small unusual deposits such as
chrome. At the same time the occurrence of small bodies of unusual
minerals and the skill with which they were exploited in the early days
have had a profound influence on the localization in Baltimore of such
industrics as the refining of copper by the Baltimore Copper Works,
now the Baltimore Copper Smelting and Refining Company; and the
Baltimore Chrome Works, now the Mutual Chemical Company of
America.

The occurrence of small deposits of magnesite in the Bare Hills ser-
pentine is also the occasion of the loeal development of pharmaceutical
and chemical works which have added materially to the business ac-
tivity of the community. All of these industries now secure their raw
materials more advantageously from sources outside the Statc where
the deposits are richer and the cost of production is lower. It should,
however, be recognized that the localization of thesc and kindred indus-
tries in Baltimore and vicinity is the result of the former operation of
small local deposits when the knowledge of the mineral resources of
the world was slight, and to the farsighted development of the pioneers
who first introduced in America professional chemists into industrial
plants. Fortunately the situation of Baltimore on the seaboard with
good railroad connections to the rich deposits of steam coal has enabled
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the existing plants to utilize advantagcously raw materials from all
over the world and thus to maintain in Baltimore a leadership which
originally was due to relativcly insignificant deposits of raw materials.

The geological situation of Baltimore on the boundary line betwcen
the unconsolidated clays and sands of the Coastal Plain and the crystal-
line rocks—granitcs, marbles, etc.—of the Piedmont Plateau has like-
wisc had a marked influence on the development of the city, and in the
establishment of local quarrying and clay-working plants. It is this
combination of raw materials which explains the peculiar architccture
of Baltimore, with its long lines of brick dwellings madec from the Crecta-
ceous clay of the Coastal Plain and trimmed with white marble and
approached by marble steps from the marble quarrics around
Cockeysville.

The similarity of geological environment with that of Philadelphia is
shown by the similarity in architecture. In gencral the brickyards and
the quarries for foundation stone have been just outside the residential
portion of the city. As the city has grown thc increased valuc of the
land and the juxtaposition of dwecllings has caused an outward move
from the city, the brickyards and quarries leaving, for a time, scars
which disfigure the appcarance of the city until their area is covered by
construction. With the change in type of architecture from small brick
and stone edifices to the huge steel and concrete buildings therc has
becn a distinet change in the character of raw materials demanded for
construction. Cement, with sand and gravel nceessary for concrete
construction, is produced only in particularly favorable localitics, and
the local industries formerly supplying the building materials of the
city have dwindled in competition with the new materials which in large
measure are secured outside of the limits of Baltimore County. This
change in the character of the materials demanded has been particularly
noticcable in the construction of our homes. Prior to the beginning of
the present century our streets were paved with irregular cobblestones
or cut Belgian blocks in large measure from the nearby crystalline rocks;
the curbing and stepping stones of granite or gneiss came from the old
quarries along Jones Falls and Gwynns Falls or from Ellicott City, but
now almost all curbs are built of cement with a metal flashing.
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TeE IroN OrEs

The iron industry is a survival of the carlier activitics in Colonial
times, based upon iron found at various points in the Statec. The first
reference to the iron ore in Baltimore County was in 1648. Twenty
years later the General Assembly of Maryland passed an act encourag-
ing the manufacture of iron within the Province but most of the activity
at this time was probably in Cecil County where the first iron furnace
was built at Principio. The sccond furnace in the State was crected in
1723 at the mouth of Gwynns Falls where John Moale had a small
deposit of iron orc which he thought was more valuable than the loca-
tion of a town site at this point.

The mining of iron ore in Maryland probably started on the banks
of the Patapsco, as we find that the Principio Company acquired rights
of ore on Gorsueh Point in 1724 and on Whetstone Point in 1727, and
for the next 30 or 40 ycars the iron industry was probably based entircly
on the nodules of iron carbonate found in the Arundel formation of the
Coastal Plain. Somewhat later this deposit came into eompetition
with the limonite ores of the western Piedmont in Carroll, Frederick,
and Washington eounties; and still later in eompetition with the ores
from the western counties of the State. With the change in demands
from charcoal iron to steel and the discovery of larger deposits of rich
orc in the Lake Superior region and in Alabama, the mining of orc in
Maryland diminished until practically none has been produced recently.
The last of the charcoal furnaees—that at Muirkirk—closed down in
1906. These old workings have left a record in the ruins of old furnaces
and ugly abandoned ore pits, offset by hugh modern steel plants local-
ized about Baltimore whieh utilize the already developed lines of trade
in iron located in Baltimore at the very advantageous site on decp
watcr, near readily accessible coals and limestones of western Mary-
land and the adjacent states. The ore used in these modern plants is a
low-phosphorus magnetite ore from Cuba and not the earbonate ores
found in nodules in the Coastal Plain formations.

Dr. Joseph T. Singewald, Jr. in his report on the Iron Ores of Mary-
land! has given an interesting account of the old iron works of the State

1 Maryland Geological Survey, vol. ix, pt. 3, 1911.
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from which may be summarized the following description of the iron
industry of Baltimore County and City.

IRON WORKS IN BALTIMORE COUNTY

Gwynns Falls Furnace.—This furnace, which was the second built in
Maryland, was erected in 1723 at the mouth of Gwynns Falls by the
Baltimore Company on land owned by John Moale for the utilization
of carbonate ores found in the vicinity. How long this furnace operated
could not be ascertained. About the same time the forge known as the
Mount Royal forge was erected on Jones Falls, probably in the neighbor-
hood of the present Monument Street. g

Onion Furnaces and Forges.—These were erected prior to 1743 at the
head of the Gunpowder, about 1 mile from old Joppa. Thesc works
were erected by Stephen Onion, one of the Principio Company, who
died in 1754. No further mention of these works is found beyond
the fact that they were offered for sale in 1769. They were probably
situated on the north side of the bridge of the Baltimore and Ohio Rail-
road over the Gunpowder River on the site subsequently occupied by
the Joppa Iron Works, erected in 1820 and rebuilt in 1851. This
latter plant was in successful operation until about 1860 and the ruins
are still standing on both sides of the stream.

Kingsbury Furnace.—The Kingsbury furnace was built in 1744 by
the Principio Company on the east side of Herring Run just below
the Philadelphia Road, on the site of the present power housc, and went
into blast in April the succeeding year. This furnace produced, for a
time at least, an average of 75 tons per month and more than 3000 tons
of iron which was produced were shipped to England. It probably
ceased operation after its confiscation by the Maryland General As-
sembly in 1780.

Nottingham Works—These are first referred to in the Maryland
Gazette of January 4, 1749. They were located on Honeygo Run, a
branch of Whitemarsh Run, some 300 yards from Cowenton station on
the Baltimore and Ohio Railroad. A few remnants of the stone work
are still standing which suggest that it was a forge and not a furnace.
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Lancashire Furnace.—This plant was apparently crceted about 1744
by Dr. Charles Carroll, of Annapolis, who sold it to the Principio Com-
pany in 1751, the deed being signed by Lawrence Washington, a cousin
of George Washington who was also interested in the company. This
plant was subject to confiscation in 1780 and probably was not operated
after that date.

Northampton or Hampton Furnace.—This was originally built about
1760, 2% miles from Towson, and the site is still marked by ruins. It
continued in operation for many years but was discontinued or aban-
doned before 1829. i

Whittaker’s Furnace.—This furnace was built on the Gunpowder,
just below Franklinville, in 1810 and abandoned before the Civil War.

Patapsco Furnace.—This was erected on Locust Point, in Baltimore
City, in 1835. The ore was at first seeured from the nearby ore pits
but Alexander, writing in 1840, states that the iron was then eoming
from Spring Gardens. Operations were eontinued until 1849 and the
plant was burned down in 1853. It was in this furnaee that the first
cast steel was made in Maryland. The product was used by the Avalon
Works for bar iron as well as hoops, nails, ete., and in the manufacture
of rails for the Baltimore and Ohio Railroad. The Avalon Works were
destroyed by a cloudburst in 1868 and were never rebuilt.

Ashland Furnace—This was erected at Ashland, just north of
Coekeysville, in 1837. It used ore from the Oregon ore bank and the
many ore pits in the vicinity of Timonium and seattered pits from the
Green Spring Valley, and other points in northern Baltimore County.
It was found that pig iron eould be made more eheaply here than at
Oregon and the two works were eonsolidated during the fifties under
the management of Riehard Green. These works were ultimately
abandoned about 1880.

Maryland Furnace.—This furnace was located at Jackson and West
streets on the south side of the Basin in Baltimore City, was built in
1840, and eontinued to operate until just before 1890. Most of their
produet was used loeally.

Cedar Point Furnaces.—These furnaeces were built at Boston and
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Potomae streets between 1843 and 1845 and were known for a time as
the Numsen Iron Works. They diseontinued operation about 1880,
when the property was sold to the Philadelphia, Wilmington and Balti-
more Railroad.

Locust Grove Furnace.—The Loeust Grove furnaee, frequently re-
ferred to as the Stemmer Run furnaee, was built in 1844 about a quarter
of a mile north of Stemmer Run station. It wasin aetive operation for
40 years, using earbonate ores of the neighborhood until it was aban-
doned in 1885.

Chesapeake Furnaces.—These furnaees were ereeted on Clinton Street,
near Seventh Avenue, Canton, in 1845 and 1853 and eontinued in aetive
operation until about 1882, with an annual output of more than 2000
tons of forged metal whieh was largely exported to other states.

Laurel Furnaces.—These furnaees, frequently referred to as the South
Baltimore furnaees, were ereeted on the south side of the Basin in 1846
and 1856. They had about the same eapaeity as the Chesapeake fur-
naees and were abandoned about the same time,

Gunpowder Furnaces.—These furnaees were ereeted in 1846 on the
site of the old Long Cam forge (ereeted 1760) on the south side of the
Gunpowder Falls, about 100 yards above the Philadelphia Road. This
loeation had been the site of iron enterprises for over a eentury. It
was operated by Robert Howard, the owner of the Loeust Grove furnace,
until 1860. Ruins of the stack and probably the walls of the old forge
building are still standing.

Oregon Furnace.—The Oregon furnaee was ereeted for the utilization
of the ore from the Oregon ore banks in 1849, Subsequently it was
eonsolidated with the Ashland Iron Company until it was abandoned
in favor of the furnace at Ashland. In 1855 the output was 4,419 tons
of pig iron.

Stickney Furnaces.—Iron furnaees were ereeted on the sites of the
present Baugh Fertilizer Company at the foot of Clinton Street, as
early as 1854. The first one was known as the Ceeilia furnaee, later as
the Lazaretto furnaee, and after 1876 as the Stieckney furnaees, operated
by the Stickney Iron Company. The annual output of these furnaces
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1. 1.—View of clay bank at the Monument Street Plant of the Baltimore Brick
Company
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was about 10,000 tons of pig iron. They were elosed down in 1893.
One of the furnaces was converted into a tin-plate plant in 1895; the
other continued operation until 1896 and was the last of the old chareoal
furnaces operated around Baltimore. Subsequently the plant was sold
to the American Tin Plate Company and in 1901 the property passed
into the hands of the Baugh Fertilizer Company.

Tae ORE BANKS

Seattered widely over Baltimore County are abandoned openings
made for the recovery of iron ore, which were the seenes of active opera-
tions for nearly a century. The suceess of these operations depended
upon a ready market for the ore at nearby furnaces and ecased to be
operated whenever the furnaees were abandoned at the dates indieated
in the foregoing discussion. These ore banks may be classificd accord-
ing to the character of the deposit and situated by areas where opera-
tions were most active. The most important of these are the earbonate
ores of the Arundel formation, whieh served as the basis for the Colonial
industry and the operation of the ehareoal furnaees in vogue prior to
the introduction of the modern methods of steel manufacture.

Next in importanee are the limonite ores found assoeiated with the
marble deposits of the Piedmont, either at the eontaet between the
ealearcous rocks and the underlying quartzites and overlying sehists, or
at the contaet between the marble and the surfieial covering of Creta-
ecous elays rieh in iron whieh eause a coneentration of iron when the
pereolating waters encountered the underlying ealeareous rocks. The
third elass of ore deposits, whiech have never been of any importance in
Baltimore County, are the local segregations of magnetite in the ser-
pentine. The accompanying map, plate XX, and the text will give a
summary of these abandoned ore openings which are of loecal interest
historieally.

THE CARBONATE ORES

The ore banks in which earbonate ores in Baltimore County oeecur is a
belt extending in a southwest direetion aecross the southeastern portion
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of Baltimore County from the Gunpowder Falls of the Patapsco River,
passing through the eastern and southern portions of Baltimore City.
Although the ores have been worked throughout the whole of this re-
gion, the most important area has been that to the southwest of the city.

“The Arundel ores’ occur scattered throughout the clays of the
formation in the form of lumps and nodules of various sizes and shapes.
The distribution is quite irregular; in some places the clays containing
large quantities of ore, in others the ore occurring sparingly. In general,
the nodules are of coneretionary structure, and often consist of a number
of nuclei which have coalesced to form one larger lump. Such lumps
have been found weighing scveral tons, when it is necessary to break
them by driving wedges into them before they can be removed. Ex-
cept in the case of these unusually large lumps, the nodules can easily
be shattered with a blow from a sledge hammer. Though tending to
irregular spheroidal shapes, large flat nodules also occur with a concen-
tric structurc. A less frequent occurrence is in the form of a bed of
limited extent in which the concentric structure is seemingly lacking,.
Such beds do not contain the purest ores, and it may be that they repre-
sent a large flattened nodule in which, on account of its size and the large
amount of forcign material included in the form of sand and clay, the
concrctionary structurc is obscured. The concretions usually have a
scptarian character, and the walls of the septae are lined with crystals

of which minute crystals of siderite and crystals of gypsum are the most
common.
“Two types of ore occur, the iron carbonates and the limonites. The

former are the original ores, while the latter are formed by the subse-
quent alteration of the carbonates brought about by the processes of
weathering.

“The carbonate ores are called by the miners ‘white ore’ or ‘hone ore.’
The name ‘white orc’ has been applied on account of the very light gray
color of the pure carbonate ore, and the name ‘hone ore’ because the
smooth pieces of high-grade ore make excellent whetstones. The eolor

2 Singewald, Joseph T. Jr., Iron Ores of Maryland. Md. Geol. Survey, vol. ix,
pt. 3, 1911, pp. 255-256.
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of the ores when perfeetly fresh varies from a very light gray to a dark
slate eolor. The slightest traee of weathering gives to them a rusty
tinge, and from this they grade over into the brown, red, and yellow
hydrated oxide ores. The ores free from impurities break with a per-
feetly smooth eonehoidal fraeture. Less pure speeimens show a rougher
surfaee, and with inereasing quantities of sandy material the fracture
beeomes irregular and the surface may feel as rough as a sandstone.
The miners are able to reeognize the slightest differenee in quality by
running their fingers over a fraeture surfaee. . . .

“The limonites are colleetively designated by the miners as ‘brown
ore,’ irrespeetive of the aetual eolor whieh varies through all shadesfrom
brown to red or yellow. Sinee they are derived from the earbonates,
they exaetly resemble the earbonates in shape and form, exeept that
the eonehoidal fracture is likely to give way to a ‘shelly’ structure.
Lumps are very abundant whieh have an exterior eonsisting of eon-
eentrie shells of limonite and an interior of ‘white ore’ breaking with a
perfeetly smooth eonehoidal fraecture, showing that the eoneretionary
strueture is inherent in the nodule and is brought out sharply in
weathering. . . . .

“The kind of ore obtained is merely a question of position with refer-
enee to the ageneies of weathering. Some banks have yielded only
“‘brown ore’ down to the lowest levels. Others have yielded ‘white ore’
almost to the surfaee. In most eases in working downward, ‘brown
ore’ is first eneountered, and this passes over gradually into ‘white
ore’ as the depth of the bank inereases. The depth to whieh the al-
teration has taken plaee depends on various faetors, sueh as the eharae-
ter of the drainage overlying the ore, and the porosity of the elay.
The amount of earbonaceous material present in the elays must also
be of influenee in this respeet. As the proeess of alteration involves
oxidation of ferrous to ferrie iron, the presenee of earbonaeeous matter
would tend to hinder that oxidation, and thus preserve the earbonate.”

Though the elays has been worked for a period of nearly 200 years
only a small pereentage of the total area has been touched and there is
still an enormous quantity of this ore available. The failure of the prod-
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uet has been due to laek of a large market and a suffieiently remunera-
tive priee. At the present time, sinee the abandonment of the Muirkirk
furnaee in 1906, there is no market for this material.

Probably the most flourishing period in the history of the mining of
these ores was during the Civil War, when they brought as high as $8.00,
or even more, per ton. After the war they brought from $5.00 to $6.00
for some time and then gradually deereased in priee until a sudden drop
in the early nineties brought them down to $2.00. This praetieally
destroyed the industry, as the subsequent rise in priee has not been
suffieient to bring about more than the desultory operations of today
already mentioned.

THE BUILDING STONES
INTRODUCTTON

The Building stones of Baltimore County are eonfined to the Pied-
mont Provinee of hard erystalline roeks lying to the north and north-
west of Baltimore City. They are largely quarried for loeal eonsump-
tion, though considerable quantities of :marble and some granite and
gneiss are shipped beyond the eonfines of the State. The earliest refer-
enee of seientifie value to the quarrying of Maryland stone is found in a
paper by H. H. Hayden published in 1810. In this little-known pub-
lieation® we learn that at the time of writing the stone 13 miles from
Baltimore (the quarries on Jones Falls above North Avenue bridge)
was reeognized as “highly valuable and useful in various branehes of
masonry” and that it was “quarried on both sides of Jones’ Falls, to
eonsiderable advantage to the proprietors.”

When the Baltimore Cathedral was eonstrueted during the years
1806 to 1812 and subsequently from 1815 to 1821, the material was
hauled from Ellieott City to Baltimore along the old Frederick Road
in huge wagons drawn by nine yoke of oxen. These two statements
indieate the primitive eonditions of the industry a hundred years ago.

3 Mineralogical and Geological Description of the County surrounding Balti-
more to the extent of about nine miles.”” Balto. Med. Phil. Lyec., vol. i, 1810, pp.
255-271.
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Merrill in his History of the Building Stone Industry states that the
greater part, if not all, of the stone for construction was seeured from
boulders prior to 1825 when one Jonathan Mathews was suceessful in
working granite from ledges for a bridge across the Kennebec River,
Maine. The early stone in Maryland was probably blocks loosened by
frost at the tops of exposures which were broken off by wedges, much
in the way that some of the larger bloeks are still secured in the Wood-
stock quarry.

The earliest quarries in Baltimore were probably located in the valleys
of Jones Falls and Gwynns Falls in the gneiss exposed on cither side.
At first they were secured a long distance from Baltimore City and far
removed from any residential seetions. The first quarries were probably
situated on the west bank above the North Avenue bridge on the spot
later occupied by the Mount Vernon shops. Operations were carried
on at this point until about 1830 when the Northern Central Railroad
was constructed. The quarries on the east bank which are now so
mueh more evident were opened about this time and have been worked
more or less continuously until very recently when the extension of the
residenees almost to the upper edges of the quarry oceasioned eomplaint
against the blasting. In spite of the fact that these quarries were excel-
lently situated, with the rock in sheets ranging in thickness from 4 or 5
inches to 5 or 6 feet and the sheets broken by joints nearly at right angles
to eaeh other, they are now nearly abandoned.

At about the same time that the granite quarries at Ellieott City
and Woodstock and the gneiss quarries at Jones Falls commenced pro-
duction the marble quarries around Cockeysville and Texas were
started. They have been in intermittent operation sinee, both for the
production of building stone and the burning of lime. The flagstone
of Green Spring Valley was cmployed in a small way for local uses
during the last century and may be seen in old buildings and bridge

abutments in the region.

With the increasing cost of land in the vicinity of Baltimore, the
proximity of houses, and the growing practice of long distance trucking
the quarrying industry has tended to spread to the outlying portions of
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the county, much of the material now in use coming from a number of
small quarries scattered over a wide area. As may be seen on the map
(Plate XX) afew of the old quarries are still working well within the city,
though they will probably not be long lived, and several have been
abandoned within the past few ycars because of injunctions against the
blasting, leaving large unsightly holes in the midst of real estate dec-
velopments. The majority of the other quarries shown on the map are
within a radius of 10 to 15 miles from the center of the city, concentrated
here and there in clusters due to the occurrence of good material,
Nearly one-half of these openings have been developed within the last
10 or 15 years, no doubt due to the outward migration mentioned above.
The greater number of these newer quarries are small and are only
worked when a contract for stone is obtained.

The types of building stone being quarried in Baltimore County at
present may be classified as follows: granite, marble, gneiss, flagstone,
gabbro, serpentine, and field stone. All these rocks are quarried in
place except the field stone and are restricted in area, according to the
underground geology, to a belt 20 miles wide running northeast-south-
west across the county north of Baltimore City. North of this belt
the rocks exposed are the schists of the Wissahicken and Peters Creek
formations, which arc mostly unsuited for structural purposes.

The uses to which these various stones are put depend on the charac-
ter of the rock. Only the granite and the marble are made into finished
stone, that is, polished material with exact dimensions. For this reason
it is only these two types which are quarried by the expensive methods
of channeling and broaching, and then sawed or smoothed off by finish-
ing machines. The gneiss, flagstone, and some of the marble are
quarried into rough blocks and are placed in structures in that con-
dition. In some opcrations rough slabs and blocks which approximate
to certain definite dimensions are produced, the stone from the Jones
Falls quarries and some of the flagstone localities being especially
adaptable to this purpose.

Besides its use as natural stone, the building stone of Baltimore
County is employed in many other ways, both as an aggregate in
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artifieial struetural materials and in many speeial produets. The nak-
ing of artifieial stone in the past two decades has inereased greatly, and
today there are nearly a dozen small plants operating around the eity.
At these plants a mixture of cement and sand or erushed roek is tamped
into a die of appropriate design and allowed to harden. Most of this
material is used in industrial buildings or cheaper dwellings, though
the trimmings and foundations of the Forest Park High Sechool are
made of a plain concrete block whieh ean not be distinguished at a
distance from a fine-grained limestone. There is considerable objee-
tion on artistic grounds to the use of artificial stone in the better grades
of buildings, and, though this is generally well founded, much better
effeets may be obtained if plain blocks were employed and better ar-
ehiteetural designs followed.

The materials for these artificial products are chiefly derived from
two sourees: ground limestone and sand, the latter from the Coastal
Plain deposits. These materials are quite satisfactory as aggregates
but further interesting results might be obtained, both in eolor and tex-
ture, by the use of other rocks as fine and eoarse aggregates, similar to
those seen in terrazzo flooring and deeorative stones.

The quarrying methods employed in Baltimore County are the same
as those ecommon everywhere and will not be deseribed. In all but a
few cases they are simple and on a small scale. About a dozen opera-
tions are large and eontinuous and use fairly extensive equipment; 6
of them produee 300 tons or more a day. The remainder are worked
intermittently or are abandoned after a few years, due to a variety of
causes.

The economie conditions which determine the suecess or failure of a
quarry are often diffieult to determine, but the prineipal factor appears
to be the size of the operation. The most profitable workings are those
which produce a large daily output shipped to a wide market. This is
espeeially true if several quarries are worked by the same organization.
Other factors are important, such as the amount of overburden, the
volume of water flowing into the workings, the proximity to markets
and railroads, the position of the working face, the eharaeter of the
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rock in referenee to its use, and many others. The amount of roek
available is usually of lesser signifieanee than those enumerated above,
ginee the geologie oeeurrenee of building materials is widespread, but is
of little moment if the working eonditions are unfavorable. Examples
are numerous in Baltimore County where one or more of these faetors
were unfavorable and eaused the eessation of the operation. The most
favorable eombination of eonditions is when a roek of good quality
and widespread use exists in a bold exposure with little overburden so
that it may be worked baek on a level from the plaee of handling and
shipping the produet, thus eliminating deep workings and the at-
tendant trouble from water. There should be a siding from a nearby
railroad, and the market should be reasonably elose.

The eonditions of the quarrying industry are preearious at best and
eompetition forees the selling priee to its lowest possible amount,
espeeially for eommon produets. Therefore, in the ease of a small single
operation a slight deerease in demand, or deerease in selling price, or
the existenee of any of the unfavorable eonditions mentioned above
will bring about its failure. With a large organization, however, par-
tieularly those that work several quarries, the profit per unit of output
is small but is eompensated for by mass production, and periods of de-
pression may be tided over until better times.

In recent years there has been a marked terease in the use of various
non-metallie produets for building materials and with its diversity of
mineral resourees Baltimore County should be able to supply a large
demand. The actual amounts of the various types given above are for
all practieal purposes inexhaustible and there is no reason why as healthy
an industry as has existed in the past should not be maintained.

GRANITE

The granites of Baltimore County whieh are used for building pur-
poses are limited to the region around Woodstoek, although other
deposits of granite are found east of Coekeysville and in the vieinity of
Franklintown on the Gunpowder. The latter has never been worked
exeept in a small way for loeal use. The utilization of the granite from
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Fi6. 1.—View of Butler quarry in Setters quartzite
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Woodstoek on the main braneh of the Baltimore and Ohio Railroad
commenced about 1832 and has continued to the present. This stone
oceurs in a small body a mile or so across in the eenter of whieh is the
small hamlet of Granite. This roek is free from sehistosity found in
most of the other granites of the State, and is evidently a later intrusion
into the gneisses, although no dikes or apophyses into the surrounding
roek have been noted.

Onc of the striking features of the quarries is the sharpness of the ver-
tieal and horizontal joints and the eonehoidal weathering of the stone
into huge ovoids. Many of these are strong enough to be used for
dimension stone. This method of weathering gives to the quarry ledge
something of the appearanee of a great wall of eyclopean masonry with
the bloeks from 15 to 20 feet in length and from 2 to 8 feet in height.
Individual blocks are somewhat rounded and separated from eaeh other
by incoherent granitic sands and rubble. This mode of occurrence
facilitated the easy working of the quarries and so brought the roek into
early notiee but there is neeessarily a good deal of waste and inereased
cxpense in redueing these ovoidal boulders to rectangular form.

The Woodstoek granite is bright gray with a bright luster and oeea-
sionally a faint pink tone. The miea oceurs in evenly disseminated
finc black flakes whieh improve the appearance of the stone without
detracting from its light eolor or strength.

MARBLE

The marbles of Baltimore County are seeured from a series of valleys
in the eentral part of the county, the most active operations centering
about the town of Cockeysville on the Harrisburg Division of the
Pennsylvania System about 20 miles to the north of Baltimore City.
The high quality of the stone was reeognized soon after the Revolution-
ary War, but the aetual development reeeived its first major impetus
in the ereetion of the Washington monument in Baltimore between 1815
and 1829. The material for this monument, the first erected by a
munieipality to George Washington, eame from what was then known
as the Taylor and Seott quarries; the former yielding the monolith
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originally quarried as a single piece and subsequently cut into three
blocks which forms the well-known statue at the summit of the monu-
ment. When Dr. David Day Owen made his report in 1847 there
were 13 quarries in the district of which the Baker and Connelly quarry
became the largest during its operation by the Beaver Dam Marble
Company.

The character of the stone quarried varies very widely in composition,
texture, and quality. The dominant stone is a dolomite, but many of
the beds are nearly pure calcite. Some times these beds are thick and
sharply defined; at other times the interbedding shows as many as 50
alterations to the foot. The texture varies from the coarsely crystal-
line marble or alum stone used in the lower courses of the Washington
monument in Washington forming a cohesive mass of individual grains
one-half to three-quarter inch in diameter, to the fine-grained dolomites
in which arc inclosed particles closely interlocked, seldom exceeding
one-sixteenth inch in diameter. It is this fine-grained rock, usually
dolomitic in composition, that has been most successfully used in the
quarrying of structural stone. Throughout the history of the region
there has been a constant competition in the use of the material for
structural purposes and as a source of agricultural lime. As early as
the second decade of the last century there was an annual output of
fully 200,000 bushels and this output has at times reached considerably
more than this, the demand for lime varying with the practices of the
nearby farmers in the use of agricultural lime for manure or artificial
fertilizers. At times a small amount of material has been ground and
applied directly as a soil ameliorative.

The color of the stone in the best grade is a clear white with now and
then a few streaks of faint-gray color. The poorer grades often show
brownish bands due to a local development of brown mica. The exact
areal distribution of the various good and bad portions of this marble
deposit has never been determined because of lack of exposures and the
fact that much of the territory is under a high state of cultivation. The
entire region has been highly metamorphosed but the more general
structure of the area suggests that the district in the vicinity of Cockeys-
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ville is very nearly horizontal and that there is a greater variation verti-
cally than parallel to the surface. This interpretation, if established,
would have an important bearing on the development of the quarrying
industry in this region which in the last few years has entered into a new
period of increased activity.

During the last 20 or 30 years the burning of lime has steadily de-
clined in the region and today Lindsay’s kiln at Texas is the only one
still operating. A few others work intermittently in the area east of
Hernwood but they are of little moment. Proportionate with this
decline, however, there has been a considerable increase in the use of
ground, unburned limestone as a fertilizer and much of it has come from
the local quarries.

Aside from its use as a building stone, as a road material, and for
agricultural purposes, limestone of late years has been inereasingly
employed in a variety of minor ways, among which may be enumerated:
pebble dash for stucco; poultry grit; filler in paint, linoleum, and rubber;
whiting putty; dusting powders; and as an aggregate in cast stone,
cement, and concrete. The quarries of Baltimore County have sup-
plied varying quantities of material for these purposes, and with the
expansion which will likely occur in the future, should form the basis
of a valuable industry. The variations within the limestone mentioned
above are advantageous to the production of a variety of products, but
they are nearly impossible to predict before development and recourse
should be made to core drilling.

At certain places where the coarse-grained variety occurs and the
topography is favorable the Cockeysville marble is overlain by a greater
or less amount of disintegrated rock which breaks down to a calcite
sand. Inthiscondition it is very easily worked and adaptable to several
of the uses given above, especially in plaster, mortar, and concrete.
A small amount of very pure material is marketed for children’s play
boxes. The depth to which this disintegrated material occurs varies
greatly and can only be determined by digging, though the more favor-
able localities are usually in small depressions.

Concomitant with the general increase in the use of natural stone
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the marble around Cockeysville and Texas has been more actively
worked in the last ten years than at any time sinee the beginning of the
present eentury. The new Beaver Dam quarry is now supplying stone
for a 50 million dollar building in Detroit. Several other quarries have
been opened reeently in response to loeal demand for the material.

GABBRO AND SERPENTINE

The area bounded by the Green Spring Valley on the north, the
Patapseo River on the west, and Baltimore City on the southeast is
largely underlain by a great mass of gabbro and peridotite with its
serpentinous alterations. Similar material oeeurs in a belt along the
Belair Road northeast of Baltimore, at Soldiers Delight south of
Reisterstown, and at several seattered loealities in the northern part of
the eounty.

The greater part of this material is used as road stone but oecasionally
it has been used for foundations and backing. The material is too
sombre for general use in struetural work, though some of the eolonial
houses were made of it—no doubt because it was available elose by.

More reeently the green serpentine of Bare Hills has been used in the
eonstruetion of small buildings with pleasing effeet, though its durabil-
ity is questionable.

GNEISS

Asalready stated, gneiss was first quarried in Baltimore City at about
the close of the eighteenth century. The gneiss valuable for building
purposes is geologieally restrieted to five elliptieal areas within the
eounty and eity (see geologieal map). Immense quantities have been
obtained and it is still probably the most valuable stone for rough strue-
tural purposes. Reeently it has ecome into eonsiderable vogue for the
construetion of suburban houses—the so-ealled ‘“‘rust roek’’ of the trade.
This in Maryland has eonsisted of random bloeks of gneiss and highly
siliccous quartzite and sehist which have been broken up into bloeks
along their jointing planes by weathering. The beauty of these bloeks
in eonstruetion lies in the faet that thin films of varying eolors have been
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deposited along the surface of the block which, when used, adds diver-
sity and interest to a building which might otherwise appear somewhat
more commonplace. In the use of rock of this character which has
undergone the incipient stages of weathering only such blocks can be
used as are sound in the interior. The brittlencss of the Baltimore
gneiss, Peters Creck quartzite, and Setters Ridge quartzite caused the
fracture of the formation into more or less rectangular blocks and the
hard character of the material leaves the interior sound and suitable
for construction.

FLAGSTONE

The type of rock designated as flagstone is restricted to the Setters
formation which outerops as a narrow band a few hundred feet wide
surrounding the elliptical areas of Baltimore gneiss (see geological map).
It is more resistant to crosion than the surrounding formations and
forms long narrow ridges, usually with a limestone valley on one side.
Only part of the formation is suitable for structural purposes, the re-
mainder is schistose or composed of massive quartzite. The flag-
stone is a thin-bedded arkosic quartzite which cleavesinto ncat, parallel-
sided slabs 1 to 6 inches thick. The cleavage surfaces arc usually
covered with small scales of white mica (sericite) and often have black
prismatic crystals of tourmaline on them. The color of the slabs
varies from a light-buff to a dark-brown, giving a pleasing mottled effect
when used in walls and footways.

The occurrence of flagstone in narrow ridges considerably facilitates
quarrying, especially as a well-defined limestone valley usually borders
it. Also it is overlain by little or no decayed material, and its cleavage
and abundant jointing are all aids to exploitation.

This stonc has attained considerable prominence of late as a building
and flagging material, especially in the better class of suburban develop-
ments. The very thin-bedded types are best adapted to flagging, and
the thicker types to general building construction. Many very at-
tractive houses in the Guilford-Homeland area north of Baltimore
have been built of this stone, and the new Baltimore City College
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(Plate XVI, fig. 2) shows that it is suited to the construction of larger
buildings.

The quarries working the flagstone are small and are only operated
when a contract is obtained. They are widely scattered throughout
an area within 15 or 20 miles of Baltimore and delivery is made directly
by truck to the building operation.

FIELD STONE

The term field stone is used to cover all those loose rocks and boulders
which oceur on the surface of the ground in the fields and woods and are
employed for rough building purposes in lieu of more suitable materials
of greater expense or from a greater distance. Farmers, in the con-
struction of rough bridges or the foundations of their barns and houses,
often employ the rock immediately at hand. These take the form of
gneiss, granite, quartzite, schist, or trap rock, depending upon the local
geology. In the Coastal Plain area of Baltimore County onc not in-
frequently sees small bridge abutments and building foundations made
of the very rough and often friable iron-stone conglomerate which
occurs locally in the soft deposits. These are lenses of sand or gravel
which have been cemented by iron-bearing solutions into a relatively
hard conglomeratic mass. On the North Point Road near Todd Point
on Back River a large dwelling is entirely made of this material, and
a few others exist throughout the region.

Generally the use of field stones is unsatisfactory for any but the
roughest of structures and they are seldom employed at the present
time.

Roap MATERIALS

The tremendous development of the automobile industry in the last
25 years has sent repercussions throughout the economic organization of
the nation, not the least of which is in highway construction. The
former dirt and crushed-stone roads of a generation ago have given way
to broad bands of hard surfaced highways which accommodate an ever
increasing traffic.
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The materials for these roads are cement, sand, crushed stone, bitumi-
nous material, and rock dust. In the earlier years of this highway de-
velopment macadam was the dominant type built, whereas in the last
10 years concrete has been most commonly used. Macadam roads are
cheaper to build but concrete gives a much evener surface, requires
much less maintenance, and is more durable.

In the carlier years of the history of Maryland the improved roads
were made from the crushed stone and sand and gravel secured locally.

The amounts used were at no time very great and represented but a

small fraction of that used today. In those days the greatest demand
for road materials was in the construction of city streets. The old
cobblestones of Baltimore, a few of which still remain, came from the
gabbro (“niggerhead rock’) around the city. Also great quantities of
granite were used in making the Belgian block pavements of the nine-
teenth century, and additional amounts were used in constructing the
curbs. Today streets are almost universally paved with asphalt—a
bituminous sheet on a concrete base.

Macadam roads are built of crushed stone arranged in courses—the
largest sizes at the base, grading to dust and grit at the top, the surface
rolled and bound together with a binder. Tar is now almost universally
used as a binder, though water has been used somewhat in the past
(the so-called “water-bound” macadam). In the construction of these
roads trap rock (gabbro and serpentine, sometimes called ‘“basalt’’)
is the predominant stone used. Inits ability to resist wear, as well as
its cementing quality and strength, it is superior to other rocks.
Some of the harder and more compact gneisses are nearly as good and
have becn employed for this purpose.

In the construction of concrete roads the materials are cement, fine
and coarse aggregate. The cement comes from outside of the county,
but the majority of the aggregates are secured locally. The sand for
the fine aggregate is now largely gotten from the deposits of the Arundel
Corporation in Baltimore harbor and at Northeast in Cecil County.
The coarse aggregate is supplied from a variety of sources and from
several types of rock. Limestone, trap, gneiss, and gravel arc all used

and for the most part come from the operations within the county.
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At the present time sand and gravel roads are not being built to any
extent within the limits of Baltimore County, though they were built
to some extent in the past, and are still built, in southern Maryland and
on the Eastern Shore. The deposits of these materials are discussed
further under Sand and Gravel.

Many of the quarries whieh produee building stone also erush the
roek for road materials. The general remarks made above eoneerning
the methods of development and economie eonditions of the building-
stone quarries apply to those for road stone. At the present time the
coarse aggregate used in building the state roads in Maryland is 85
per cent limestone. However, large quantities of roek are used on
eounty and eity roads, as railroad ballast, and in general eonstruetion,
and sinee these come from the same sourees this proportion would not
apply throughout. Gravel is largely used in both building and road
eonstruetion in Baltimore City, trap is the predominant material for
both railroad ballast and maeadam roads, and other enterprises use a
variety of materials. As an estimate the coarse aggregate used in
eonerete eonstruetion in and around Baltimore which is supplied loeally
is valued at over a million and a half dollars a year.

This represents a eonsiderable industry, and with the eontinued
expansion of the eity and its suburbs in Baltimore County the present
sources of supply will still be exploited. The volume and variety of
material which exists for these purposes in Baltimore County are enor-
mous and, with the proper preeautions should prove of eonsiderable
profit to its developers.

OPERATIONS IN BUILDING STONE AND ROAD MATERIALS
QUARRIES IN GRANITE

Woodstock Granite Quarry (1)

The workings of the Woodstock Granite Quarry Company, commonly
known as “The Fox Roek Quarry,” are situated one-half mile southwest
of Granite and three-eighths of a mile northeast of the Old Court Road.
This quarry is nearly a hundred years old and the old stone ties used on
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the Baltimore and Ohio Railroad at the beginning of its history are
reported to have eome from here.*

The opening consists of a deep, eireular pit 300 feet in diameter and
75 to 100 feet deep. There is little soil overburden but the deeayed
roek extends to a depth of 25 feet. A 2-ineh pump operating two hours
a day keeps the quarry free of water. The rock is a medium-grained,
compact, epidote biotite granite of light-grey to pink eolor. It isvery
uniform in eomposition and texture. The jointing is very irregular;
the most pronounced plane is N.45° E.65°W. In addition there is
some horizontal jointing.

Bloeks are lifted from the pit by a 20-ton derriek operated by a 40-
horsepower electrie hoist. Most of the roek is finished by surfaeing
maehines in sheds at the edge of the quarry; a small amount is erushed.

The stone from this quarry has been extensively employed for a long
time both in and out of the State. Among the buildings made from it
in Baltimore may be mentioned: the Fidelity Trust Company, the
Court House, Woodstock College, St. Ambrose Chureh, the Jenkins
Memorial, and the Holy Rosary Chureh.

0ld Guilford and Waltersville Quarries, Granite (2)

Two other large openings in this area which also originated about
the time of the “Fox Roek Quarry” are those of the Old Guilford and
Waltersville Company, situated just north of the town of Granite,
and 400 yards north of the Old Court Road. They were elosed four
years ago due to disputes in management and are now the property of
Bradley J. Blunt. '

The quarry to the northeast is the larger, 400 feet in diameter with
the roek exposed in walls 40 feet above the water. The smaller quarry
immediately adjacent to the southwest is 200 feet long and 100 feet
wide. The water level in the smaller quarry is 15 feet higher than in
the larger and is said to be 75 feet deep in places.

The rock is an epidote biotite granite—much the same as that at the

4 See Merrill, G. P., and Mathews, E. B., “The Building and Decorative Stones
of Maryland,” Maryland Geologieal Survey 1898, p. 150.
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“TFox Rock Quarry.” It occurs in large monolithic, horizontal layers,
often with thinner decayed laycrs between, especially towards the top.
This passes upwards into the decayed overburden where remarkable
examples of the spheroidal weathering of granite may be seen—elliptical
lenses of fresh granite contained in soft weathered material. These
monolithic layers vary from 1 to 12 feet in thickness and show no ob-
servable jointing nor cleavage.

What equipment and buildings that remain are now in a very dilapi-
dated condition but they indicatc the former existence of a very large
operation. A railroad spur from the Baltimore and Ohio 2 miles away
formerly existed and the grade still remains but the rails are gone and
the right-of-way has been lost.

Ellicott City Granite Quarries (3)

Extensive operations for building stone formerly existed in granite
on both sides of the Patapsco River below Ellicott City. These quarries
were probably opened some time in the latter part of the eighteenth
century and during the early part of the nincteenth century supplied
the stone for the construction of the Baltimore Cathedral.® They
continued to be worked intermittently throughout the nineteenth cen-
tury and into the beginning of the present century. The rock is very
variable, though its dominant phase is a porphyritic granite with a
gneissic texture. It was formerly used cxtensively in curbing
around Baltimore in which the characteristic phenocrysts of feldspar
may be seen.

The largest opening of this group is 500 yards east of the town on the
Frederick Road. It exposes a face 200 feet long and 30 feet high.
There is no overburden nor water and the quarrying conditions are
excellent, but the value of the land probably prohibits further operation.

Morgan College Quarry, Herring Run (4)

T. A. Gatch, formerly operated a quarry on the Morgan College
property at Herring Run and Arlington Avenue. The rock is a massive,

8 Op. cit. p. 147.
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biotitic, granite gneiss (Gunpowder granite). It is extensively in-
jected with pegmatite, and contains basic lenses as well. The main
jointing is coincident with the gneissic banding—N.60° W.18°S. The
opening consists of a deep elliptical hole, 200 feet long (N.-S.), 100 feet
wide, and 50-60 feet to the water level. There is little overburden.
The rock is suitable for both crushing and rough struectural purposes.
The depth of the opening, the excessive water, and its location close
to urban development will probably prevent any further exploitation at
this locality.

OPERATIONS IN CRYSTALLINE LIMESTONE

Beaver Dam Marble Quarry, Cockeysville (5)

The old Beaver Dam quarry, famous for its stone for over a hundred
years,.is now idle and full of water. Many large structures have been
built of this stone, among them the National Capital, where 108 large
columns, each 26 feet in length were furnished; the old U. 8. Post
Office and Washington Monument in Washington; the Peabody Insti-
tute and Maryland Club in Baltimore; the Drexel and Penn Mutual
Insurance Buildings in Philadelphia; and the spires of St. Patricks
Cathedral in New York. Thirty years ago the output of this quarry
was 27,000 tons of cut stone a year.®

In 1918 the Beaver Dam Marble Company opened a new pit several
hundred yards east of the old opening, one-half mile west of Cockeys-
ville. The quarry is now 200 feet long, 100 feet wide, and 30 feet deep.
Only cut stone is obtained. A clay overburden of 10 fect occurs,
though the rock is fresh to that point. An excessive amount of water
runs into the quarry, between 100,000 and 150,000 gallons a day.

The rock is a white, dense, and compact dolomitic marble of fine grain
and high compressive strength, essentially similar to that in the old
opening. It works well and is largely free from cracks and fractures.
Phlogopite (brown mica) is an accessory and occurs in wavy bands,
showing the rock has been subject to much compression.

The stone is gotten out in large rectangular blocks 5 feet by 9 fect by

¢ Op. cit. p. 172.
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16 feet. About 30 per cent of the volume of roek moved is lost in the
quarrying operations. Two methods are employed in obtaining the
blocks—by broaching, and by ehanneling. In broaching a serics of
drill holes are sunk a short distance and the bloek is then wedged and
broken out. This is about three times faster than ehanneling but is
more wastcful of the roek and pieees with uneven fractures are often
obtained. It is the best method to employ in the poorer grades of roek,
especially where it is uneven. In channeling a machine operating on a
short traek drives a chisel which euts a smooth, even surface. It is
considerably slower than broaehing but neater pieces arc gotten and it
is morc eeonomical of material.

These bloeks are lifted by derrick from the quarry and earried to the
sawing plant, immediately to the south. The plant is a large building,
50 years old, in which mueh of the stone from the old quarry was sawed.
Gang saws of soft steel are operated with shot and sand as abrasives
which cut the blocks into slabs of various sizes. Twelve to 18 hours is
required to saw through a bloek with the dimecnsions given above.
The blades arc generally replaced after three sawings.

The following machinery is employed: 2 rapid sawing machines
(Patch); 4 air compressors (each 2400 cubic feet a minute); 5 channeling
machines (4 steam, 1 electric); Osgood traveling erane; 3 30-ton boom
derricks; 1 50-ton boom derrick; 7 broaching maehines; 20 Ingersol
jack hammers. There is a blacksmith shop with automatic tool
machines, and a railroad siding from the Pennsylvania Railroad.

The larger part of the output from this quarry has gone into the con-
struction of the new Fischer building in Detroit, which is to eost 50
million dollars, for which 240,000 cubic feet of stone have been obtained.
The new buildings of Loyola College are also of this stone.

The same operators arc working a quarry for crushed stone 300 yards
to the east of the main plant. The opening is 200 feet long, 100 fect
wide and 25 feet deep, and the rock is largely decomposed into a car-
bonate sand for 20 fect below the surface. It is used for pebble dash ;
chieken grit; east stone, concrete, and ccment aggregate; and agricul-
tural ground lime. The product is erushed, screened and bagged.
The spur track to the main quarry runs by the bins.
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H. T. Campbell Quarry, Tezas (6)

H. T. Campbell of Towson is opcrating a large quarry for erushed
stone in dolomite 400 yards west of Texas station on the Harrisburg
Division of the Pennsylvania Railroad. The pit has largely been de-
veloped in the last few years, though it is an extension of an earlicr
opening. It is 600 feet long (northwest to southeast), 400 feet wide,
and 100 fcet deep. The roek is a white, fine-graincd, dense, dolomitic
marble. The amount of brown miea (phlogopite) is subordinate, and
there is a little accessory quartz, pyrite, tourmaline, and wollastonite.
The banding of the roek is generally horizontal, though it varies con-
siderably by eontortion. There is no very uniform jointing and the
roek breaks into large, irregular bloeks. The best plane of jointing is
N. 60° W. 75°S.

The overburden eonsists of 810 feet of red clay soil which passes
at places into a carbonate sand. Considerable water flows into the
quarry.

The rock is broken on the quarry floor and loaded directly to trucks
which take it to the erushcr. A conerete roadway has been built down
into the pit, and the trucks are equipped with pneumatic tires. This
has been found more eeonomical than solid tires on a rough roadway,
in saving wear on the trucks.

The crusher is housed in a large conerete elevator. It is of the
gyratory type, and has a diameter of 7 feet.

The quarry produces 600 tons of crushed stone a day, which is largely
employed in eonerete road eonstruction.

The carbonate sand whieh oceurs with the overburden is 5 to 10 feet
thick at places, and is used for plastering, briekwork, concrete, and un-
burnt agricultural lime.

Mr. Campbell also operates a small quarry 300 yards northwest of the
large pit for marble building stone. It is 100 feet in diamcter and is
equipped with a wooden derriek. The Roscwood Sehool at Reisters-
town reeently was built of this stone. These workings are equipped

with a railroad siding.




246 MinerAL REsoURCES OF BALTIMORE COUNTY

McMahon Brothers Quarries, Mount Washington (7)

The McMahon Brothers operate two quarries on the west side of
Green Spring Avenue onc-half mile north of Smith Avenue, and 2 miles
northwest of Mount Washington. Captain Boyle, a retired sca cap-
tain, first opened the main quarry, and the present operators obtained
it in 1910. The former operations were only for carbonate sand, and
the greater part of the development has been in the last 15 years.

The main pit near the road is a large circular opening 300 feet in
diameter and 100 feet deep. The overburden is thin and little water
occurs in the quarry. The rock is a medium-grained, impure dolomite,
which is strongly banded, and looks much like a common gneiss at a
distance. It carries considerable brown mica (phlogopite), which, with
the variations in coarseness of the carbonate grains, are arranged in
bands one-quarter inch to 2 feet thick. The banding and main jointing
is N. 70° E. 50° S., which causes the rock to break into thick slabs, 1 to
3 fect across.

The smaller quarry is 1,000 feet west of the main pit along the same
ridge and is 200 feet long, 100 feet wide, and 60 feet deep. The over-
burden is 10 feet thick. Only a little water comes into the pit. The
rock is similar to that in the larger opening, though its fracture is
somewhat more uniform and most of the building stone produced is
gotten here.

The equipment consists of 1 gasoline shovel, 2 cranes, 2 boom der-
ricks, a 450-foot cable way, 2 air compressors, 2 jaw crushers, and a
400-ton bin. The machinery is operated by 10 electric motors.

The stone from these openings is usually crushed, though con-
siderable building stone is gotten out at times. Formerly small pits
to the south of the main opening were worked for carbonate sand, though
this is now largely obtained from the dust of the crusher. The follow-
ing sizes are produced: dust (concrete sand and macadam): five-eighths
inch (with dust and stonc in septic tanks and wash tubs): 1-inch (con-
crete and tarring roads): 13-inch, 2-inch, 2}-inch, 3-inch, and 33-inch
(for conerete). About 300 tons are produced in a day. Most of this
goes for county, state and private roads.
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Gunpowder Quarry, Cockeysville (8)

A large quarry in dolomite, on the east side of York Road, one-half
mile south of Cockeysville, has recently been acquired by Dr. E. F.
Kelly and new equipment installed. The quarry was formerly operated
by H. T. Campbell. The opening is a large circular pit 500 feet in
diameter and 75 to 100 feet deep with vertical walls. The overburden
is thin (2 to 8 feet), and only a moderate amount of water must be
pumped.

The rock is horizontally bedded dolomite. The beds are massive, 2
to 5 feet thick, and the bedding is the most pronounced plane of jointing.
The rock is hard and compact, and carries considerable philogopite
mica.

A new electric wooden stiff-legged derrick with a 50-horsepower motor
loads the stone directly to trucks. It is employed in rough building
construction.

Maryland Calcite Company Quarry, Texas (9)

The Maryland Calcite Company, Inc. operates a quarry in crystal-
line limestone and dolomite 300 y){ards southwest of Texas station.
The opening is circular—400 feet in diameter, with a working face 30 to
40 feet high on the south and southeast sides. A new opening has
recently been sunk into the quarry floor. There is a thick overburden
of 10 to 15 feet of red soil, which is removed by tractors. About 12,000
gallons of water are pumped from the hole in a day.

Two main types of rock occur—the “alum-stone,” or pure, coarsely

crystalline calcite rock; and the “blue-stone,”

or finer-grained, impure
dolomite. The former is the most desirable for the operations of this
company. It occursina bed 30 feet thick which strikes east-west across
the quarry floor, with a steep dip to the south. The new opening in the
quarry floor is into this rock. The south face is made of the
“blue-stone.”

The “alum-stone” is remarkably pure and white, with the individual
grains of caleite averaging one-quarter of an inch across. The follow-

ing are analyses made by Penniman and Browne of Baltimore:
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The “blue-stone” is finer-grained, darker in color, and is highly dolo-
mitic, with abundant brown phlogopite mica, and accessory tremolite,
pyrite, quartz, and tourmaline,

The rock is loaded to cars on the quarry floor and hauled up an in-
clined railway to the crusher and screcns at the north edge of the open-
ing. The majority of the products marketed by this company arc made
from the ‘“‘alum-stone.”

Sixty per cent of the output is used as aggregate in the making of
cast stone. The remainder is variously distributed among the follow-
ing products: stucco dash; chicken grit; concrete aggregate (for side-
walks, swimming-pools, etc); cast stone facings; ‘“white flow” (calcite
and lime as a finish) ; whiting putty; filler in paint, linoleum, and rubber;
dusting coal mines; foundry flux; and road stone. In addition to these
sufficient stone for the continuous operation of Lindsey’s kiln is used.

The present pit of the Maryland Calcite Company was opencd in
1840 by a Mr. Shipley for lime. The Company has made extensive
core drillings on its property in the neighborhood, and has a large
reserve of the “alum-stone.”

T. E. Thompson, Texas (10)

T. E. Thompson has opened a pit for calcite sand on the Beaver Dam
Road three-eighths of a mile northwest of Texas Station. The opening
is 100 feet long, and 20 feet deep. The depth of the disintegrated
dolomite (carbonate sand) is variable, and hard rock has been ¢n-
countered at two placcs. The sand is sold to local builders for con-
creting and plastering. A little building stone is being moved. The
pit is worked intermittently by two or three men.
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Fic 1 —View of dwelling on Falls Road near Butler, part of which was built in 1800
of Netters quartzite from the Bntler quarry

Fi1a. 2. View of Calvary Baptist Chureh, Towson, built of gneiss from the Setters
Formation
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L. H. Burton, Texas (11)

A pit for earbonate sand is oeeasionally worked on the property of
L. H. Burton, one-half mile northwest of Texas Station on the Beaver
Dam Road. The opening is 200 feet long (north to south), 125 feet
wide and 20 feet deep, and all the roek exposed is completely disinte-
grated. The roek is horizontally bedded. The sand is sold to builders
for mortar and plaster, to farmers for unburnt lime, and a small amount
of pure material to Baltimore department stores for children’s play
boxes.

Ankowiac’s Kiln, Hernwood (12)

Martin Ankowiae burns the limestone on his property on the Mar-
riottsville road just north of the North Branch of the Patapseo River.
Only small amounts are burned and are marketed loeally. The roeck
employed is a highly mieaceous, banded, dolomite and is not as suitable
for burning as that around Texas.

Robinson’s Kiln, Hernwood (13)

Lemuel Robinson is burning limestone just west of the Marriottsville
road 13-miles southwest of Hernwood. The kiln has been spasmodi-
cally worked sinee before the Civil War. Only small amounts are
produeed and are sold loeally. Some of the stone employed is high in
magnesia. The fuel is eoal.

Lindsay’s Kiln, Texas (14)

Only one kiln is now operating in the Texas-Coekeysville area—that
of Mr. Lindsay, which burns the “alum-stone” produeed at the Mary-
land Caleite Company’s quarry just west of Texas station. It produees
lime for both building and agrieultural purposes. Wood is used as fuel.

QUARRIES IN TRAP ROCK
Gatch Quarry, Raspeburg (15)

This quarry is on the west side of the Belair Road just north of
Glenarm Avenue. It is operated by T. A. Gateh. The opening is
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large—400 fecet long (N. 40° E.), 250 feet wide, and 100 fect deep. The
rock is meta-gabbro, with a pronouneed gneissic banding (north, 25° W.).
The most pronounced jointing is eoineident with the foliation of the
rock; other planes are very irregular. The overburden is 10 to 15 feet
thick. About 100,000 gallons of water are pumped from the quarry in
a day.

A eable-way brings the roek to the erusher, whence it is sereened
into bins. The quarry also operates a machine shop, a blaeksmith
shop, and three air eompressors. All the roek is used for maeadam
roads and eoncrete aggregate.

Longley Quarry, Gardenville (16)

Wm. W. Longley operated a large quarry in trap roek just east of
the Belair Road at Biddison Lane until January 1, 1929. The opening
is a deep eireular pit, open at one end, about 250 feet long and 100 fect
deep at the north face. The rockis gabbro and metagabbro (hornblende
gneiss) and is very hard and compaet. It is very irregularly jointed—
often into roughly polygonal blocks. The major jointing is N. 25°
W. 70°E. The soil and decayed roek overburden is 10 to 15 fcet, and
there is but a small amount of water in the pit. The material was
crushed and largely used for macadam roads. Though unlimited
quantities of rock remain dwellings have encroached to the very edge
of the quarry, and the eity obtained an injunction against further
operations.

Woodberry Trap Rock Quarry (17)

This quarry is in gabbro 500 yards north of Woodberry on the west
bank of Jones Falls, just at the Pennsylvania Railroad trestle. It is
operated by T. C. Davis. All the rock is erushed and used in local
road and eoncrete construction. The rock is worked from the level of
the Falls into a faee 100 feet high and 400 feet long, and is loaded di-
rectly into trueks and hauled to the crusher. Most of the rock is fine-
grained, dark, granular gabbro, with a little metagabbro (hornblende
gneiss). A 4-foot sill of quartz-diorite (Relay) occurs in the upper
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part of the gabbro face. The quarry is equipped with bins (330 tons
eapacity), and a railroad siding.

Thomas R. Martin Quarry, Cooks Lane (18)

Thomas R. Martin operates a quarry direetly on the eity line 500
yards west of Cooks Lanc and one-half mile south of Franklintown.
It is a large elliptical depression 300 feet in diameter and 50 feet deep.
The overburden is thin and the pit is dry. The rock is largely gabbro,
with some metagabbro. The massive rock varies in eolor from dark-
purple to light-green. The rock is much more jointed than the other
trap quarrics in the neighborhood, though in a very irregular manner,
The material is hauled by an overhead eable-way to the bins and crusher

at the cast edge of the pit. Three Blake jaw erushers are used, and the
bins hold 200 tons. The rock is crushed for county macadam roads.

Bolton Quarry, Franklintown (19)

Joseph Bolton owns a quarry in gabbro 300 yards south of the Frank-
lin Road and about 1 mile east of Franklintown. At present it is leased
by F. D. Carozza. There has been no operation for some months.
The quarry is an elliptieal pit 150 feet long, 100 feet wide, and showing a
50 feet face of rock about the water level. The water is reported to be
25 feet deep. Both gabbro and metagabbro are present, the latter
banded in a plane N, 60° E. 50°N. The equipment consists of a No.
2% climax jaw crusher and derrick.

Hillsdale Quarry, Weatheredville (20)

This quarry, operated by the United Railways, is on the east bank of
Gwynns Falls, one-half mile southeast of Dickeyville on the Hillsdale
Road. The roek is gabbro and metagabbro. The gabbro is an excep-
tionally hard and eompact roek of dark purplish color. The gneissic
banding of the metagabbro is N. 80°E. 70°N. The roek is worked in
on a level with the road against a large faee 450 feet long and 100 feet
high. It has been worked back about 100 feet. The overburden of
5-10 feet of decayed rock is not separately removed. Two crushers are
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used and four grades of stone produeed. The bins hold 400 tons.
The machinery is all eleetrieally driven. All the roek is used as ballast
for the electrical railways around the city.

Milford Trap Quarry (21)

J.E.and H. T. Mallonee formerly operated a quarry north of Milford
Avenue and seven-tenths of a mile north of Liberty Road. The quarry
is a horseshoe-shaped exposure 100 feet aeross with a face 4045 fect
high. The rock is in a good position for quarrying and there is no
water but a thick clay overburden of 15 feet made it too expensive to
operate. The rock is a hard compact gabbro and meta-gabbro of
purplish-black eolor and is an excellent road stone. It weathers into
spheroidal “nigger-heads’” at the top. The structure is generally mas-
sive, though some jointing in the direetion N. 25° W. vertieal oeeurs.
It was employed largely for maeadam roads.

Hollofield Trap Quarry (22)

A quarry for trap rock was started in the spring of 1929 by J. E. and

H. T. Mallonee on the Patapsco River 200 fect south of the bridge at
Hollofield Station. The material is a basic igneous roek which has been
somewhat serpentinized. It is exposed in a steep slope 200 feet high
with little overburden, and is in an exeellent position for quarrying and
shipping. The opening is now 75 feet long and 25 feet high. There
are two jaw crushers, sereens, and a bin, and dust, 1-inch, and 2-ineh
sizes are produced. It is all used for macadam roads.

Blue Mount Quarry (23)

The J. E. Baker Company of York, Pennsylvania, operates what is
probably the largest quarry in Baltimore County. It is on the Gun-
powder Falls along Big Falls Road 1 mile southwest of Whitehall. The
opening is an exposure 450 feet long, 140 feet high on the north and 70
feet high on the south; it has been worked baek from the Falls about 150
feet. The overburden of 3 feet of soil and decayed roek is stripped by
hand. No water is eneountered in the workings.
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The stone is a slightly serpentinized basic igneous rock (trap). A
few veins and irregular masscs of grecn serpentine with chromite grains
occur, and some of the surfaces have thin films of magnesite and dewcy-
lite. As a whole, however, it is dark, purplish-black, with a hackly
fracture, and is an excellent grade of trap. The main jointing is N.
75° W. 75° N.

The rock is first loosencd by primary blasting; done by a 6-inch cy-
clone drill with 60 per cent dynamite. The resulting blocks are broken
by secondary blasting, and then mauled by sledge, loaded to cars drawn
by horses, and hauled to the crusher. The cars are worked by contract
and a man is paid 37} cents for one load. Thirty cars, made of steel,
are operated.

The rock is first put into a 30-inch by 24-inch Superior jaw crusher,
and then through a No. 6 Gates gyratory crusher, from which it is
elevated 135 feet by a 20-inch bucket conveyor-belt to a No. 8 Niagara
vibratory roller-bearing screen of 3-inch mesh. This 3-inch sizc is
largely used for railroad ballast. The undersize is lifted up a 115-
foot elevator belt to a No. 4 Niagara vibratory screen which separates
the 1%-inch size. From this it goes to a No. 3 Niagara sereen which
produces the three-quarter-inch, one-half-inch, and one-quarter-inch
sizes. The undersize is used as dust. All the oversizes from these
sereens are returned to the gyratory crusher. The sizes under 3 inches
are largely used in macadam and concrete. Seven electric motors drive
this machinery, with an aggregate of 380 horsepower. Each of the
above sizcs is stored in a 75-ton bin. The plant is connected by a rail-
road spur 1% miles long up the Gunpowder River from the Pennsylvania
Railroad.

The output of the quarry is used for railroad ballast, and county and
state conerete and maecadam roads, largely in Maryland and Pennsyl-
vania. The York Road, Middletown Road, and Monkton Road were
built of this stone, and all the ballast of the Baltimore Division of the
Pennsylvania Railroad eomes from this quarry. Produetion amounts
to 825 tons a day. About 60 men are employed.
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Bare Hills Quarries (24)

Two small quarries are being worked in the Bare Hills serpentine at
the junction of Falls Road and the Old Pimlico Road by Lewis O.
Stern. The pit to the east is the larger with a face 200 feet long and 40
feet high. The opening on the west is 75 feet long and 30 feet high.
The rock varies in color from a light straw yellow to a dark purple-green.
It is extensively veined by thin stringers of magnesite, chalcedony,
calcite, deweylite, chrysotile (asbestus), and opal. The rock is in-
tricately fractured and the jointing is very irregular, producing hackly
and uneven blocks. There is no water nor overburden in the quarries.

Both crushed stone for roads and concrete, and building stone are
produced. The school house at the top of the hill south of the quarry,
and the two small buildings nearby along Falls Road were built of the

-stone; also the new Howard Park Methodist Church. About 5,000
tons are gotten out in a year.

Dyer Quarry, Delight (25)

A quarry is being worked in serpentine south of the Nicodemus Road

1 miles west of the Reisterstown Road by A. A. Dyer of Reisterstown.

It is near the site of the old Calhoun chrome mine, which has not been

operated since 1880. Veins of deweylite and chalcedony are common

on the quarry face, and at some places large rhombs of calcite bounded
by picrolite are seen. The rock is used for road work.

'QUARRIES IN GNEISS

Falls Road Quarry, Jones Falls (26)

T. A. Gatch operates the only remaining quarry of what was once an
extensive series of openings in this area. The first mention of these
quarries is in 1811, when it was reported that [the gneiss] . . . . is
here quarried on both sides of Jones’ Falls to considerable advantages
to the proprietors,”’” which indicates that they were worked considerably

prior to that date. The first excavation was probably on the west side

7 For a full account see Merrill, G. P and Mathews, E. B., ‘“The Building and
Decorative Stones of Maryland,” Maryland Geological Survey, 1898, p. 161.
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of the valley, and the old opening may still be seen just above the
Pennsylvania Railroad car shops north of North Avenue. The most
extensive working, however, was on the east side, and several quarries,
now concealed by dumping, existed from the Maryland and Pennsyl-
vania Railroad freight station north to the Electric Railway trestle in the
Stony Run Valley. These were worked continuously through the last
century, and in 1900 three companies were moving a large amount of
stone. These were the Peddicord, Curley-Schwind, and Atkinson
quarries.

Much of this stone has been used in construction around Baltimore,
as, for example, in the older buildings at Goucher College, and in the old
City Jail and old Court House. It has been most extensively employed,
however, in foundation work, and other places where rough unfinished
stone may be used.

The present Falls Road Quarry Company is operating two adjacent
pits on the east side of the valley just below the junction of Stony Run
with Jones Falls, between Twenty-sixth and Twenty-eighth Streets.
Both pits are about 150 feet long, and 50 feet wide, and are working into
a face 50 feet high. In the last few years the presence of buildings
above the openings has forced the working downwards rather than far-
ther into the quarry face. At the north pit they are now 40 feet deep,
and 30 feet deep at the south pit. Due to this restriction the life of the
quarry is estimated at 6 or 7 years. There is an overburden of 15 feet
of Pleistocene gravel and decayed rock.

The rock is a massive feldspar biotite gneiss of light-gray color.
There is a pronounced jointing which is coincident with the gneissic
texture, and probably with the original bedding (N. 30° E. 40° N. W.).
Two other joint planes occur: N, 60° W. 70° S. W. and N. 30° E. 65°
S. E., which eause the rock to conveniently break into rectangular slabs.
These slabs are commonly 3 to 18 inches thick, 2 to 5 feet wide, and 6 to
24 feet long. They are easily worked, and are broken into rough di-
mensional pieces by the ‘“plug and feather” method.

None of the stone is crushed, but all goes for rough construction—
foundations and small buildings. Of the stone used for these purposes
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around Baltimore that from this locality is probably more easily worked
than any.

Gwynns Falls Stone Corporation Quarry (27)

The quarries in the Gwynns Falls area of Baltimore City have not
been worked as long as those in Jones Falls, though they have been in
continuous operation sincc 1850.% An immense amount of rock has
been moved from them, and the largest quarry in Baltimore City at
the end of the last century was that of John G. Schwind at this locality.
Today two quarries are operating here.

The largest is the Gwynns Falls Stone Corporation; owned by T. C.
Campbell, who acquired the property in 1927. At the present time it
is probably the best equipped quarry within the area of Baltimorc City.
It is situated on the west bank of Gwynns Falls about 500 yards north
of the Pennsylvania Railroad bridge. The exposure is 400 feet long
in an east-west direction against a face of rock 70 feet high. The work-
ings have gone 20-30 feet below the level of the railroad tracks. The
overburden of 10 to 15 feet of decayed rock is removed by steam shovel.
About 4000 gallons of water a day arc pumped from the pit.

Both the character of the rock and its structure are very similar to
that at Jones Falls. It is a gray, thick bedded, ‘“‘salt and pcpper”
gneiss, composed of biotite, feldspar and quartz. The gneissic texture
and main jointing are coincident in a plane N. 30° E. 35° W. At the
east end of the quarry the dip of the rock changes to form a gentle
anticline. Other planes of jointing arc irregular, and rough dimensional
slabs arc not as easily won as at Jones Falls. The rock is extensively
veined with pegmatite.

The rock is liftcd from the pit by a 20-ton, traveling cranc on a stand-
ard gauge track, and by a stiff-legged steel derrick, both operated by
steam. One jaw crusher and two gyratory crushers reduce the stone
to various sizcs, from whence it is fed through a large rotary screcn and
four shaker screens (Hum-mer). The crushers, bucket belts, and

8 Merrill, G. P. and Mathews, E. B., op. cit., p. 166.
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Fra. 1 View of Quarry of Fhe Marvlano Caleite Company, Texas

Fra. 2.—View of new quarry of the Beaver Dam Marble Company, Cockeysville
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screens are operated by clectricity. The bins have a capacity of 500
tons.

About 50 per cent of the rock is crushed and 50 per cent is used for
rough building stone. No dimension stone is produced. About 400
tons are produced a day. The crushed material goes into macadam
roads and concrete, and the building stone into various structures,
chiefly around Baltimore. Among rccent buildings, the First English
Lutheran Church at Charles and 39th Streets (with stone from the But-
ler Quarry), the Church of the Holy Nativity at Forcst Park, and the
Landsdowne Methodist Church were built of this stone.

Hilton Quarries, Gwynns Falls (28)

Just south of Campbell’s quarry on the west bank of Gwynns Falls,
and about 1200 feet north of the Pennsylvania Railroad bridge is a
quarry recently opened by Wm. H. Guntrum and T. U. Donohue.
They arc now working a small part of a 400-foot face, the site of an old
quarry now partly filled with water. The rock is the same as that to
the north. Nonc of the rock is crushed; the majority is used for rough
building construction, chiefly small houses. Some has been marketed
for breakwater riprap: at Seven Foot Knoll and Havre de Grace in
Maryland, and cven beyond the State. Considerable pegmatite has
been encountered and is sold at $4.00 a ton without cobbing.

Loch Raven Quarry (29)

The quarry of Thomas P. Murray is situated along the Maryland and
Pennsylvania Railroad a quarter of a mile northeast of Loch Raven
station. The opening is in the Setters formation, though it is not the
typical flagstone rock seen along the Green Spring Valley. Here it is a
highly quartzose, feldspar biotite gneiss. A few quartz and pegmatite
veins occur. The upper part of the quarry is more schistose and carries
tourmalinc.

The rock is worked into a cliff above the railroad 200 fect long, 100
fect high, and has been quarried back from the tracks for 75 fect. The
bedding plane and main jointing of the rock is parallel to the railroad
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and dips steeply down towards the quarry floor, N. 50° E. 60° N. This
is the only persistent plane and causes the rock to break into rough
two-sided pieces. There is no water and little overburden in the
quarry.

There is a small crusher with a rotary scrcen and a bin connected to
the railroad by a siding. About one-half of the output is erushed stone
and one-half building stonc. The former is used in county and private
roads and the latter for small houses.

QUARRIES IN FLAGSTONE

“Rustic Quarry,” Loch Raven (30)

Harry T. Campbell of Towson is operating a quarry for building stone
on the Maryland and Pennsylvania Railroad and Cromwell Bridge
Road one-half mile east of OQakleigh station. The rock is being worked
along the strike into a face 70 feet high, 100 feet wide, and has advanced
100 fect from the stream into the hill. A smaller pit is being worked on
the west side of the little valley. The main type of rock is a fine
grained, banded, quartz, feldspar biotite gneiss, part of the Setters
formation. A little of the more typical quartzitic phasc occurs to the
south up the hill. The rock breaks into rough slabs—3—4 feet by 1
foot by 6 inches. The banding and main jointing of the rock is N.
45° E. 35° N. Other good planes of jointing occur. All of the rock is
used for rough building construction and flagging. The quarry floor is
above the water table, and there is little overburden. The stonc is
easily handled and is hauled directly out by trucks to various building
operations about Baltimore. The quarry operates a small derrick
and cmploys 10 to 15 men.

Several private homes in the Guilford-Homeland area, and the Presby-
terian and Baptist churches at Towson are built of this stone. The
Calvary Baptist Church at Towson is shown on Plate XVII, Fig. 2.

Butler Quarry (31)

H. T. Campbell is working a quarry on the property of Oscar Gray
200 feet north of Butler on the east side of Falls Road along Blackrock
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Run. It is reported that the quarry was first operated in 1800 and the
old mill building, now used as an engine and tool house for the quarry,
is said to have been built of the stone at that time. Also, the housc of
Mr. Gray along Falls Road at this point was partly built at the same
time from the old workings (see Plate XVII, Fig. 1). Mr. Campbell
began the recent development in 1923.

The opening has been worked back from the stream about 100 feet
along the strike of the rock and is 100 feet wide and 75 fect high at the
back. (Platc XV, Fig. 1). Recently a new opecning has been made
just to the south which is 75 feet across and 30 feet high. No water
occurs in the workings and there is very little overburden.

The rock in the main pit is the typical flagstone of the Setters forma-
tion, an arkosic quartzite which cleaves readily into slabs 1 to 8 inches
thick. Some of the rock is more of a gneiss, and that in the south pit
is a narrow-banded “ribbon” gneiss, of quartz, feldspar, and biotite,
The flagstone rock has only onc good planc of cleavage—the bedding
plane; whereas the gneiss of the south pit is claimed to work ncarly as a
freestone. The banding and main jointing is vertical and strikes paral-
lel to the crest of the hill in the direction N. 65° E.

The old mill which was formerly used for grinding flour has been con-
verted to supply the power needed in quarrying. Two overshot water-
wheels 16 fect in diameter and 6 fect wide develop 90 horsepower and
work the air compressor. A derrick is used in the south pit.

In recent years many buildings, churches, and small houses in and
around Baltimore have becn built of the stone from Butler. The new
City College in Baltimore obtained 86 per cent of its stone from here.
Some other buildings are: the First English Lutheran Church at Charles
and Thirty-ninth Streets, the Luthcran Church at Thirty-third Street
and Alameda Boulevard, and the Masonic Temple at Reisterstown.

Water’s Quarry, Pikesville (32)

Two hundred yards south of the Old Court Road and one-quarter of a
mile east of Seven Mile Lane there is a quarry for building stone on the
Waters property worked by the Mallonec Brothers of Pikesville. The
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exposure has been made north into the ridge and is 300 feet long and 50
feet high. There is no water and very little overburden. The roek is
in the Setters formation and is predominantly a biotite gneiss; some of
the quartzitic flagstone type oeceurs in the center of the workings.
Tourmaline in dendritic growths is common on the eleavage surfaces,
and a few quartz and pegmatite dikes cut the gneiss. The rock eleaves
easily and is well suited for flagging and rough building purposes. The
bedding and eleavage of the roeck is N. 70° E. 48° S.—that is, parallel to
the ridge and dipping under the limestone whieh oceurs in the valley to
the south.

Wright's Ml Quarry (33)

At old Wright’s Mill (“Jew Bottom”), three-quarters of a mile north-
west of Alberton, Mr. Feeney of Granite is working the Setters forma-
tion for flagstone. The opening was started in 1928, and has only
exposed the rock at the nose of the hill, 125 feet long and 30 feet high.
There is no water nor overburden. The rock is the quartzitic flag-
stone type whieh eleaves easily into slabs 1 to 3 inehes thick. The sur-
faces of the flags are eovered with sealy white miea and a few erystals
of blaek tourmaline, though the latter are not as abundant as usual.
The roek is very easily worked, which is not only faeilitated by the
cleavage but by the presenee of many good planes of jointing (Plate
XVI, Fig. 1). The jointing is E.-W. 35° N.

The roek is excellent for flagging, it is in a good position for quarrying,
and large quantities exist, but a long truck haul over bad roads will
probably interfere with rapid development.

Blunt Quarries, Hernwood (34)

Openings for flagstone in the Setters formation are being operated by
Otis W. Blunt on the north side of Powell’s Run Road 300 yards north
of the Marriottsville Road. One quarry is immediately along the road
and the other is 100 feet to the east. They are small workings about 30
feet aeross and 25 feet high. The roek, whieh is the typieal quartzite,
cleaves in a remarkable manner, most eommonly into pieees 1 ineh
thick, and gives the impression of a giant layer-cake. The cleavage is
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in the direction E.-W. 50° N., which with numerous other planes of
jointing make the rock easily worked. The eleavage surfaces have less
mica than at the Wright’s Mill quarry, but considerably more black
tourmaline.

The stone is hauled by truck to various suburban developments north
of Baltimore, and some has been sent to Gibson Island in Anne Arundel
County. The new Catholic Church at Chevy Chase Cirele near Wash-
ington, D. C., was built from these quarries.

An interesting feature of these openings, as well as that of Knopf to
the south along this ridge, is the presence in them of eavities of consider-
able size. In his eastern pit Mr. Blunt reports an opening “large
enough for a horse to fall into,” and one may be seen in the Knopf
quarry which is 1 foot wide, 8 feet high perpendicular to the strike and
dip of the rock, and extends down the dip out of sight for at least 15
feet. The walls of these eavitics are smooth and are parallel to one of
the sets of numerous joint planes whieh eharaeterize the quartzite of
this region. A slight eurrent of cold air blows from them. These
openings could not have becen formed by solution, as in limestone, and
their relation to the fracture planes in the roek points to recent faulting
or crustal movements of small magnitude, probably sometime in the
Tertiary.

Knopf Quarry, Hernwood (35)

A small quarry was opened in 1928 by Albert Knopf on his property
south about three-cighths of a mile along the ridge from Blunt’s quarries.
The rock is similar, although somewhat thicker slabs occur, and the
small jointing is present. The main cleavage is N. 80° E. 25° N. Two
exposures oeeur, each 20 feet aeross and 10 feet high. All the roek has
been shipped to Homeland, north of Baltimore, for flagging. About
$6.00 a ton is gotten for the roek. It is estimated that the haulage
costs $4.00 a ton.

Jones Quarry, Hernwood (36)

Joseph C. Jones is operating another quarry for flagstone south of
Knopf and Blunt on the east side of the Marriottsville Road about 1
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mile north of the north Branch of the Patapsco River. It is a small
opening about 30 feet across and of the same rock as the other nearby
quarries expose. Three men are employed and the stone is shipped to
Homeland in Baltimore.

Wittingham Quarry, Pine Hill (37)

Dr. E. F. Kelly of Cockeysville has been working a small opening for
building stone on the Wittingham property, one-half mile west of York
Road on the Gold Bottom Road. The quarry is small, a face 15 feet by
10 feet about 25 feet back from the road. The rock is in the Setters
formation, but is not the typical flagstone. It is a heavy, thick-bedded
mica quartzite. The grain is coarse and irregular, really pegmatite,
and probably has been injected by quartz solutions. A little tourmaline
and magnetite occur. The bedding is vertical and strikes N. 50° E.
The slabs are 2 to 10 inches thick.

Stevenson Quarry (38)

Three-eighths of a mile west of Stevenson station along Setters Ridge
south of the Green Spring Valley is a quarry in flagstone on the Baetjer
property. The rock at this place is probably the most desirable of its
kind around Baltimore, and may be taken as the type locality for the
Setters formation. The exposure is in a bold cliff 60 feet high and 50
feet across with no overburden. The stone cleaves readily into neat,
clean slabs 1 to 5§ inches thick which are covered with abundant crystals
of black tourmaline. On the south wall of the quarry the schistose
phase of the Setters formation occurs, impregnated with abundant
tourmaline. The rock here is admirably situated for quarrying and
shipping and was worked for a time by Waters, but it occurs in an area
of high-elass residences and the owners object to the noise and unsightli-
ness of the operation.

Shoemaker Quarry, Chattolanee (39)

Along the same ridge, three-eighths of a mile west of Chattolanee on
the Garrison Road is the old Shoemaker quarry, which was intermit-
tently worked throughout the nineteenth century for flagstone, and
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supplied much of the material for the old buildings of the region. The
rock is similar to that at the Stevenson quarry, though it is not as fresh
and clean nor so well exposed. An interesting example of ‘“‘ereep” in
the layers ncar the surfacc may be seen, where the freezing action of
frost has pushed them out of line down the slope. This opening has not
been worked for a long time.

Rogers Quarry (40)

South of Setters Ridge from the Hillside Road, Green Spring Valley,
and one-half mile east of Rogers station is a quarry in flagstone owned by
the Cathedral of the Incarnation (Protestant Episeopal). The roek is
similar to that at the Stevenson quarry farther west, though it contains
fewer tourmaline. The property is held in order to insure a permanent
supply of stone for completion of the Cathedral of the Diocese of Mary-
land on Charles Street and University Parkway. Some has already
been quarried to build the “Pro-Cathedral.”

Just across the little stream from this opening Weber started to work
the roek and opened a series of trenches parallel to the stream and
across the strike of the formation. The venture was unsuccessful, but
it exposes a good section of the Setters formation with the schistose
phase to the south, and flagstone phase on the north with intcrealations
of thick-bedded massive quartzite.

SAND aND GRAVEL

Sand has always been indispensable in building operations—for cc-
ment, plaster, and mortar, and inereasingly of late years as a fine aggre-
gate in conerete. Its geologie distribution is widesprcad and varied
and it has been worked around Baltimore since colonial times. Gravel,
except in the making of sand and gravel roads, was not so extensively
employed until more recently, when it has been used as a course aggre-
gate in concrete construction of all kinds.

Geologically, sand and gravel in commercial quantities are largely
restricted to three formations around Baltimore, all in the Coastal
Plain deposits: the Patuxent, the Columbia group, and the reeent river
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and estuarine deposits. The Patuxent formation, the basal member of
the Lower Cretaceous, is predominantly a white, eross-bedded sand,
though loeally it contains both gravel and elay lenses, It outerops
aeross southern Baltimore County in a northeast-southwest direetion,
underlying mueh of the downtown sections of Baltimore City and oec-
eurring farther to the northwest as isolated outliers on the older erystalline
rocks. The Columbia group, of Pleistocene age, is composed of a series
of terraee deposits at various levels throughout the southern end of the
eounty. They are largely of sand and gravel, though loeally they eon-
tain layers of elay. They are most eommonly eneountered either as
isolated masses eapping the hills of the region (the higher terraces—
Brandywine and Sunderland), or as low-lying deposits bordering the
streams and estuaries (the lower terraces—Wieomieo and Talbot).
The recent streams and drowned river valleys along the Chesapeake Bay
are eontinually depositing and redepositing masses of elay, sand, and
gravel in the form of bars and spits. Where the eurrent is gentle elay
is deposited, and where more rapid sand and gravel; the loeation of these
deposits depending on the eonfiguration of the valley, the velocity of
the water, and the relation to the tides. When it is reealled that 200
years ago oecean-going sloops aseended the Patapseo River as far as
Elkridge Landing (Relay) and that today that ehannel has been nearly
completely filled to Brooklyn, the rapidity of this lproeess of deposition
will be realized.

All of these deposits have served as sourees for sand and gravel around
Baltimore. In the past probably the Patuxent sand was most avail-
able as bank "deposits, and later the terrace deposits were utilized for
roads and building purposes. In later years sinee the dredging of the
harbor, large_'deposits:of gravel and sand in bars were eneountered under
water, and these now supply the greatest amount eonsumed in the eity
and its environs.

The methods of working the bank deposits of the Patuxent and
Columbia group:are usually very simple. The material is soft and
easily exeavated and if sufficient quantity is present with little over-
burden and no water it may prove profitable to work for local markets.
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Fri 2 —View showing Bloemiount Trap Quarry, west end
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Most of these operations are short-lived, however, as the numerous
small abandoned pits throughout the region testify. Oeeasionally a
bank sand is worked on a larger scale, with more extensive equipment,
such as the Arundel Corporation’s pit at Patapseo, Howard County,
and the Caton Sand Company at Landsdowne. Loeal deposits of sand
and gravel are frequently worked for material on a neighboring road,
after which they are abandoned. More reeently a number of pits
have been opened to supply sand to the manufacturers of eoncrete
bloek and other artificial building materials.

There are two areas where bank deposits are now being aetively
worked: northeast of Baltimore in the region along Whitemarsh Run,
and southeast of Baltimore around Landsdowne. These producers
for the most part supply a loeal demand, where the competition is not
too keen, with the large bar deposits in Baltimore harbor.

About 70 per cent of the sand and gravel used in and around Balti-
more is supplied by the Arundel Corporation from their bar deposit in
Baltimore harbor at Spring Gardens, and from their bank deposit at
Northeast, in Ceeil County. The sueeessful operation of this Corpora-
tion on sueh a large seale, with extensive equipment, in eomparison with
the short-lived operations of the smaller pits illustrates the greater econ-
omy of large seale produetion and its greater usefulness to the
community.

The available supplies of sand and gravel whieh remain around Balti-
more are large. The quantities whieh still may be gotten from the
Patuxent and Columbia formations are enormous. The Arundel Cor-
poration is constantly exploring the harbor and Patapseco River, as
well as the Bay itself for future reserves, and though eonsiderable
amounts exist, they become more expensive to work the farther they
are from the eity markets.

OPERATIONS FOR SAND AND GRAVEL
Arundel Corporation, Baltimore (41, 42, 43)

By far the largest produeer of sand and gravel around Baltimore is

the Arundel Corporation. It probably supplies over 70 per cent of the
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sand and gravel used in the city and its environs. The material
marketed in Baltimore comes from two sources—a bank deposit at
Northeast, Cecil County, and a bar deposit in the Baltimore harbor
south of Spring Gardens. Besides these operations the corporation is
engaged in extensive dredging for the State and Federal governments,
and for private interests. The materials moved in these latter opera-
tions are not marketed, but are disposed of on the government dump
at Kent Island.

The bar deposit in Baltimore harbor is worked by large dredges, from
which buckets are suspended by derricks, or a series of conveyor buckets
are used (ladder dredges). The material is washed on the dredges and
then taken to one of the shipping points, where it is separated into the
various grades of sand and gravel. If any further washing is necessary
it is sent to the Brooklyn rewashing plant. That intended for concrete
is also sent here.

There are four points for the separation, storage, and shipment of the
material around Baltimore: Brooklyn, Bush Street, Clinton Street,
and Pier 2 Pratt Street. The largest amount of material passes through
the Pratt Street plant where 4,450 tons are handled daily. The largest
equipment is at the Brooklyn plant, where extensive machinery is
installed for mechanically handling large volumes of material in the
operations of washing, screening, and shipping.

The largest amount of the product is made up of two types each of
sand and gravel; building sand, rewashed sand, 2i-inch gravel, and
1}-inch gravel. About equal volumes of sand and gravel are consumed.
About 20 per cent of the total sand is building sand, used for plaster
and mortar; the other 80 per cent is the rewashed sand, used as a fine
aggregate in concrete. The gravel is used as a coarse aggregate in con-
crete—60 per cent is the 13-inch size, and 40 per cent, the 23-inch size.
Besides these, 3 intermediate grades are produced at Brooklyn—three
sixteenth-inch for pebble dash, three-eighths-inch for roofing grit, and
three-quarter-inch for small concrete forms. Occasionally very large
boulders and cobbles are encountered in dredging; these are crushed and
sold as coarse aggregate.
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The selling price at the present time is 70 cents a ton for sand, $1.40
a ton for the larger gravel, and $1.60 for the three-quarter-inch gravel.
Forty per cent of the total output is used for building construction and
60 per cent for road construction. The total volumc marketed is 2
million tons a year. Twenty years ago only about 500,000 tons were
produced in a year.

On the map (Plate XX) 41 is the Brooklyn plant, 42 is Pratt Street,
and 43 is Bush Street.

Caton Sand and Gravel Company, Landsdowne (44)

This is the largest opcration in bank sand in Baltimore County and is
situated southwest of the junetion of Washington Boulevard and Sul-
phur Spring Road. The opening is 500 feet long, 300 feet wide, and the
working facc at the west end is 80 feet high. The section at this face
shows a 5-foot overburden of iron-stained sand, gravel, and elay below.
This is a eompact white elay lens, 18 feet at the thickest point and pinch-
ing out 50 feet in either direction; the remainder of the exposure to the
base is of white, pure, cross-bedded sand. The material is worked by a
gasoline shovel, loaded to ears, and hauled to the sereens. The sereens
are of the vibratory type, of onc-quarter inch mesh. The sand is not
washed, and is lifted by eonveyor belts to the bin. The bins load di-
rectly by gravity into trucks. About 35 truck-loads, at § or 6 tons a
load, are produecd a day. The sand is all employed in mortar and
plaster around Baltimore.

A large amount of material has been removed from this opening, but
considerable quantitics still remain. The oecurrence of the elay and
sand is very variable, however, and presenee of much clay may cause
diffieulty.

S. Link Sand Company, Landsdowne (46)

The workings of S. Link are immediately adjacent to those of the
Caton Company along the Washington Boulevard, and are similar
though on a smaller scale. The opening is against a working face 200
feet long and 45 feet high. An irrcgular bed of clay and gravel occurs
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at the top of the section, 3 to 8 feet thick; the remainder is white, cross-
bedded sand, with the exception of a three-foot bed of clay and gravel
mid-way on the face. The material is worked by steam shovel and
passcd through a rotary screen. It is used for building sand around
Baltimore.

Sadler Bank, Landsdowne (46)

Mrs. M. 8. Sadler owns a sand and gravel pit at the northwest corner
of the Washington Boulevard and Sulphur Spring Road. The opening
has only been sporadically worked, though considerable material is
present and in a very accessible position. It is in the upper part of the
Patuxent formation, and consists largely of white cross-bedded sands,
with a little gravel and two white clay Icnses. The exposure is 300 feet
long and 30 feet high, and is worked back 100 feet on a level with the
road.

Overlea Sand and Gravel Company, Belair Road (47)

T. A. Gatch operates a large pit for sand and gravel 200 yards north-
west of the Belair Road, at a point 400 yards northeast of Whitemarsh
Run. The opening is 300 feet long (north and south), 250 feet wide,
and varies from 10 (south) to 30 fect (north) in depth. The property
is largely worked out as a cemetery adjoins it to the northeast and a
power-transmission line to the west. The working face at the north
shows a heavily cross-bedded gravel which contains two lenses (1 foot
and 4.5 feet) of compact white clay. The clay is not utilized and must
be separated. The excavation is done by a gasoline crane, and is hauled
to the screens and bins by cars on a track. Considerable water is pres-
ent in the workings. The sand and gravel are used in local concrete
construction.

Schleagel Property, Belair Road (48)

Two pits for sand and gravel are worked on the Schleagel property
200 yards northwest of the Belair Road at a point 1 mile southwest of
Silver Spring Road. The smaller pit to the east is 100 feet in diameter
and is operated by the Polesne Brothers; that to the west is 200 feet in
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diameter and is worked by Henry Diegert. The material is cross-
bedded sand and gravel. No clay lenses nor overburden are present,
and there is no water in the workings. Considerable material remains
and no real estate developments are close,

Sommers Pit, Necker Ave. (49)

Five hundred feet east of Belair Road, and 150 feet north of Necker
Avenue there is an opening for sand and gravel 100 feet long, 50 feet
wide with a face 15 feet high. There is no overburden, but a thick
growth of pine and oak requires much grubbing. The exposure is all
sand and gravel, but considerable iron-stone conglomerate and iron
staining are present.

Schwartz Pit, Rosedale (50)

George Schwartz is operating a pit for sand and gravel on the property
of the Champion Brick Company, one-quarter of a mile southwest of
Hamilton Avenue on the Philadelphia Road. The opening was made
7 years ago, and is now 350 feet long and 100 fect wide. The present
working face is 25 feet high and consists of white cross-bedded sand and
gravel, with a 3 to 5 foot white clay lense near the top. The material
is worked by a gasoline bucket shovel and is loaded directly on trucks.
Part of the sand and gravel goes to local builders, and some is used in
the manufacture of conerete blocks.

Hesse Pit, Rosedale (51)

R. D. Hesse operates a pit for sand on the Old Philadelphia Road
one mile northwest of Hamilton Avenue. The pit is 300 feet long,
200 feet wide, and 10 feet deep. The material is rather pure, fine-
grained sand, and is neither screened nor washed. It is used by local
builders. Gasoline loaders and tractors are used.

Kahl Pit, Whitemarsh (52)

U. P. Kahl operates a small pit for sand along the Philadelphia Road
200 yards northeast of Silver Spring Road. It is a small opening 100
feet in diameter and 30 feet deep, exposing cross-bedded Patuxent sand,
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with considerable iron-stone and some gravel. The sand is shipped to
the Cast Block Company, at Bengies, for concrete block.

Richardson Pit, Whitemarsh (63)

Three hundred yards northeast of Whitemarsh Run along the Balti-
more and Ohio Railroad, J. F. Richardson is operating a pit for sand
and gravel. The pit is 200 feet long, 100 feet wide, and 20 feet deep,
and has 10 feet of water in it. The material is worked by a centrifugal
pump on a barge. The stream from the pufnp is passed through a 4-
foot washing screen, which separates the sand and gravel and washes
away any clay that is present. Conveyor belts and loaders bring the
sand and gravel to trucks. There is a railroad siding.

Cray ANp Cray Propucts

The making of brick around Baltimore is probably as old as the period
of colonization. The first settlers in Southern Maryland used the local
clay banks to fashion brick, and when they later founded Baltimore the
abundant supplies around the new town were no doubt utilized also.
It is often claimed that the bricks in very old structures were shipped in
from England, and although this was doubtless true in some cases, prob-
ably the greater number of colonial houses were made directly from
Maryland brick.

Baltimore City has been noted throughout its history for its long rows
of red brick dwellings with white marble steps and lintels, and this once
rather prosaic building material has now assumed a certain amount of
dignity with age. The greater amount of this brick has been obtained
and manufactured locally, and still forms the basis of a considerable
industry.

By far the larger amount of clay used in the manufacture of brick
around Baltimore has come from the Coastal Plain deposits lying to the
east and southwest of the city. A small amount has in the past been
derived from the residual clays of the crystalline rocks, but the quantity
has been small and the quality inferior.

Of the four unconsolidated formations which outcrop around Balti-
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more, the Patuxent, Arundel, Patapseo, and Columbia group, the Arun-
del has been the most produetive as a souree of briek material. The
dominant phase of the Arundel formation is a compact, drab-eolored
elay, which eontains considerable iron, both in the form of carbonate
nodules, and as a eementing matrix in thin gravel lenses (the so-ealled
iron-stone conglomerate). This clay possesses good plasticity and is
loeally somewhat silieceous, and has been found very suitable in the
manufaeture of common brick as well as more specialized products.

All the other formations enumerated above have been employed in the
eeramie industries of the Baltimore region, though not so extensively as
the Arundel. At the present time only one operation is working in these
other formations—the Burns and Russell Company in Columbia elay
on the Patapsco River Neek. The Patuxent formation is dominantly
of sand, and has been employed as an ingredient in the manufaeture of
refactory ware, The Patapseo formation consists of both sands and
clays and has been used to some extent in brick making. Its variability
necessitatcs eonsiderable eaution in working, however. The Rossville
Plant of the Baltimore Brick Company is working a bank at the junc-
tion of the Arundel and Patapseo formations, and is combining these
materials in proportions whieh give a desirable mix. The Columbia
elays around Baltimore are low-lying deposits, generally within 30
feet of tide, and have been rather extensively employed in the past
in the fashioning of clay produets. They are generally sandy, but
nevertheless quite plastic and burn to a bright-red eolor, though not as
red as much of the Arundel and Patapsco materials.

Among the types of clay produets made from the clay around Balti-
more briek-making has assumed a predominant position. In the past
other ceramic products were of some importance, but today only onc
operation other than for brick cxists. These other products were:
terra eotta, scwer pipe, fire clay, and pottery elay. The materials for
these special products still exist and they will doubtless be utilized again
in the future. The one operation mentioned above is that of the United
Clay Mining Corporation of New Jersey, north of Middle River, which
is shipping material to the potteries at East Liverpool, Ohio, and Tren-
ton, New Jerscy.
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Among the brick manufaeturers in Baltimore City and Baltimore
County five plants produce common brick and one produces paving
briek with some sewer briek. The latter is the Westport Paving Brick
Company of Baltimore. Of the common brick manufacturers two of
the plants designate part of their produet as face brick.

The methods employed in working the clay deposits are simple.
The material is quarried where there is little overburden and water,
and where there is sufficient for a considerable operation. Banks of
20 to 30 feet in height are dug by a power shovel and loaded to ears on
tracks and hauled to the plant. Generally the composition of the clay
is amenable to immediate fabrication, though in some eases various
types from a single working are eombined in proportions whieh are more
desirable. At the plant of thc Westport Paving Brick Company a
mixture of ground shale and clay is used; the shale coming from Freder-
iek County, the clay from the bank at the plant.

It is generally found unprofitable to work a deposit which contains
an overburden greater than 6 to 8 fect, or a lens of deleterious material
greater than this within the deposit. Also the presenec of ground water
within a elay bank renders the workings unprofitable.

The making and burning of brick around Baltimore is accomplished by
the methods eommon to that industry everywhere. The clay is mixed
with water in a pug-mill and forced through the die of a brick-making
machine. At four of the plants the cross-section of the die is that of
the smallest dimension of the brick, and ‘“‘end-eutting’’ maechines are
used; at two of the plants the brieks are “side-cut.” They are then

loaded on small cars and placed in drying tunnels for about 36 hours.
In the eommon brick plants up-draught kilns are used of the normal

rectangular shape, with a capaeity of 300,000 to 500,000 brieks. In
these they are burncd for 5 to 7 days, and allowed to cool for 3 to 4
days. No aeeurate thermal eontrol is employed. At the Westport
Paving Brick Company smaller, circular, down-draught kilns (60,000
bricks each) are used, the firing lasts 8 or 9 days, and they are allowed
to cool nearly as long. Here recording pyrometers are used in both the
drying tunnels and kilns.
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About 140 million bricks are produced in Baltimore City and County
in a year, which represents about $2,000,000. This is at a priee of about
$14.00 a thousand, which has been the standard price for several years,
though rceently some have been marketed for as low as $11.00 a
thousand.

The output of brick from the Baltimore region increased immediately
after the war, but sinec 1921 it has deelined slightly. In 1919 the out-
put was $819,622, and in 1921 it was $2,713,240. This recent decrease
is proportionately even greater sinee the consumption of building mate-
rials has increased in that time. The substitution of natural stonc,
and espeeially of concrete block and other artificial products for brick is
largely responsible for this decline.

As in the past so at the present time the large proportion of the
bricks produced around Baltimore is used locally. Some is shipped,
however, and several of the operators are filling orders for brick from
various points along the Atlantic Seaboard.

Since brick and other clay produets should continuc to hold an im-
portant place as structural materials the utilization of the elays necar
Baltimore will probably be maintained as a healthy industry. The
amount of available clay, both for brick and more specialized produets,
is cnormous. Large areas of Columbia elay cxist on the Patapsco
River and Back River necks, and much of the Arundel formation is
available to the northcast and southwest of Baltimore in the general
belt tranversed by the Pennsylvania Railroad.

For a more extended description of the clays and clay-working indus-
trics in Maryland see Heinrich Reis, “Report on the Clays of Maryland,’”
Maryland Geologieal Survey, vol. IV, 1902, pp. 203-503.

OPERATIONS FOR CLAY

Westport Paving Brick Company (64)

The plant of the Westport Paving Brick Company is on Waterview
Avenue, Westport, Baltimore City. About 40,000 paving brick and
20,000 manhole and sewer brick arc produeed daily. These brick are
madec from a mixture of ground shale and clay. The shale is obtained
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from Ijamsville, Frederick County, and is ground at the Westport
plant. The clay eomes from the bank at the plant. The mix used is
one-quarter ground shale to three-quarters clay.

The clay is quarried from the hill immediately behind the plant.
The opening is 400 to 500 feet long and |30 feet high, and exposes red
elay above and dark-bluish elay below with white sand at the base.
The blue elay is the most desirable for paving briek, though some red
elay is also used.

The elay and shale are fed to a dry pan and then mixed with water
in a pug mill; the briek-machine die has the dimensions of the side of
the brick. There are 21 drying tunnels and 23 eireular, down-draught
kilns. Each kiln will hold 60,000 briek, and they are fired for 8 or 9
days, with an additional length of time for eooling. Including loading,
firing, eooling, and unloading one eharge takes about one month.
The heating of both the tunncls and kilns is controlled by reeording
pyrometers.

The plant is equipped with both a railroad siding and a wharf,

Balttmore Brick Company, Rossville Plant (65)

The Rossville Plant of the Baltimore Briek Company operates a 70-
aere tract of land on the south side of the Philadelphia Road 1} miles
northeast of the Golden Ring Road, Baltimore County. The material
has been worked out over an area of 12 acres, with banks 20 to 30 feet
high surrounding it. The upper levels of the workings show a variegated
sandy clay with some sand lenses; the lower levels are of reddish elay
with much iron-stonc conglomerate. They probably represent the
Arundel-Patapseo eontact. These materials are mixed in eertain pro-
portions in preparing the bricks. The plant has 6 kilns and 18 drying
tunnels, and produces around 75,000 brieks a day. The produet is all
common brick.

Baltimore Brick Company, Monument Street Plant (66)

The Monument Street Plant of the Baltimore Brick Company oecu-
pies a large tract of land in East Baltimore, bounded on the south by
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Monument Street and the Philadelphia Road and on the north by the
Pennsylvania Railroad. It contains about 500 acres and is surrounded
on all sides by urban development. The present workings lie west of
Loneys Land, and are in variegated Arundel clay. The clay is dug
by steam shovel in banks about 30 feet high, loaded on ears, and
hauled to the plant. No sand lenses of any size oeceur, though there is
some iron-stone conglomerate which is hand-cobbed at the bank.

The plant operates 8 up-draught kilns of the normal type, and pro-
duces both common and face brick. The output is from 2 to 6 million
bricks a month, The bricks burn a bright red.

The location of this plant in the midst of industrial development pre-
vents any further expansion, though it is estimated to have material
for 30-years production.

Burns and Russell Company, Back River (67)

In the spring of 1929 the Burns and Russell Company opened a pit
and built a plant for briek just north of the North Point Road on Back
River, at Rosebank Lane. The opening was into the flat land along the
river and is now 100 feet long, 30 feet wide, and 20 feet deep at the north
end. It isin uniform, compaect, drab-ecolored elay, which contains con-
siderably less iron than the other banks being worked around Balti-
more. There are four up-draughts kilns and the plant has a eapacity
of 100,000 bricks a day—largely common brick, with a little face brick.
The bricks are brighter in color and require a slightly higher firing tem-
perature than most of the other plants near Baltimore. About 80 men
are employed,

Champion Brick Company, Rosedale (58)

The Champion Brick Company controls a traet of about 90 acres
lying on the southeast side of the Philadelphia Road at Rosedale, Balti-
more County. The entrance is about 500 yards southwest of Hamilton
Avenue, The material worked is a buff to gray-blue elay—very eom-
pact and uniform; probably the Arundel formation. Considerable
rescrve exists, and the surrounding region is not highly developed as
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yvet. The plant eonsists of 6 up-draught kilns, with 15 drying tunnels.
Two hundred and seventy-five cars are operated (600 bricks a car), and
the plant produces 75,000 bricks a day. Only common briek is
produced.

Recently the company has received an order for 26 million bricks from
the Western Electric Company.

New Jersey United Clay Mining Corporation, Poplar (59)

This opening for elay is on the Baltimore and Ohio Railroad 200
yards southwest of the Middle River Road. The pit was opened in
August, 1925, by the New Jerscy United Clay Mining Corporation, and
the greater part of the clay is shipped to the Trenton, N. J. and East
Liverpool, Ohio, potteries. Some is shipped to the Locke Insulator
Company in Baltimore.

The workings expose the following scetion:

ORfits. W S0 e sand, iron-stonc, red clay— (overburden).
15 CONRE B!, S sandy clay.

f12 04 N o o o o T dnrk "|1l.'.*"_ - . ]

1 ONE STREL . ... red olay | A B RONs

oM. e L L s English “ball clay’’ (dark).

This is the Arundel formation.

The pit is 250 feet long (North and South), 100 feet wide, and 25
fcet deep. The material is handled by a gasoline derrick, loaded on
trucks and taken to a Crosby shredder, and then placed on the cars.
About 150 carloads, at 50 tons a car, are produced in a year.

FELDSPAR

Feldspar is a mineral compound eomposed cssentially of siliea,
alumina, and one or more of the bases-potash, soda, or lime. As a
constituent of the crystalline rocks it is the most abundant mineral in
the carth’s crust. Beeause of its intimate association with other min-

erals it is only in certain geological bodics that its commercial exploita-
tion is possible. These bodies are known as pegmatites, or popularly,
“giant granites,” and it is in them, along with quartz and more or less
mica, that feldspar occurs in workable quantitics. The pegmatites
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occur as lens-shaped dikes intrusive into other rocks and are believed to
represent the residual liquids from which the other larger bodies of
molten rock solidified.

In the Baltimore arca the pegmatitcs and their contained feldspar
are confined to the hard, crystalline rocks which outerop to the north
and west of the city. They are most abundant in the areas of schist
and gneiss which oceur between the large masses of granite and gabbro.

Two kinds of feldspar are produced commereially—the potash-rich
variety known as microcline, and the soda-rich varicty known as al-
bite. In Baltimore County the great bulk of the feldspar is the potash
type, though it gencrally carries an appreciable percentage of soda.
This type of spar is commonly pink in color.

The use of feldspar is largely in the ceramic industries. With clay
and quartz as the other ingredients, feldspar is used in the manufacture
of whitc pottery ware, both in the body and glazc of the product. It
is also used in vitrified sanitary ware, and in the manufacture of glass
and cnamcled wares. There are also a variety of other uses among
which may be mentioned: scouring soaps, poultry grit, opalescent
glass, roofing and stucco grit. Among potential uses of feldspar are
the extraction of potash and alumina, and its use as a constituent of
cement.

For a few years Maryland ranked third among the feldspar producers
of the United States (1916-1917) though in 1926 it had fallen to cighth
place, notwithstanding an increase in production of 50 per cent for the
country as a whole during that period. Some of this production came
from Baltimore County, but at the present no deposits arc being worked
in this area. The output during the last few years has been:—

FELDSPAR PRODUCTION FOR BALTIMORE COUNTY
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Former workings for feldspar are grouped into two distriets in Balti-
more County: the area bordering the Patapseo River from Woodstoek.
to Ellieott City, and a smaller distriet north of the Gunpowder River
from Loeh Raven to beyond Glenarm (see plates IIT and IV, vol XII,
Maryland Geologieal Survey, 1928).

The numerous small pits found seattered throughout these areas
attest to the sporadie nature of the industry and to the small size of
most of the deposits. The manner of working is simple, though many
faetors enter into what determines the optimum eonditions for devel-
opment. Probably the three most important faetors are: (1) a deposit
of sufficient size to warrant eontinuous exploitation, (2) at least one-
half of the roek moved to be of marketable spar free from exeessive
deleterious minerals, and (3) proximity to a shipping point.

By far the greater number of pits in Baltimore County were worked
for only a short time, chiefly by loeal farmers. A few, however, were
larger operations. The series of openings one-half mile south of Hollo-
field station on the Patapseo River must have seen eonsiderable aetiv-
ity, though they have not been worked for some time. Singewald
reports:® “These deposits were last aetively worked by E. E. Fagan
about 19 years ago. The Produet Sales Company again took out a
earload in the winter of 1917. The two larger openings at this loeality
have the dimensions 100 feet long by 30 feet wide by 20 feet deep and
60 feet long by 30 feet wide by 20 feet deep.” Mueh of the feldspar
and quartz are segregated into masses distinet from one another, whieh
facilitated the operation. An unusual amount of white miea oceurs
with the quartz. The feldspar is the eommon pink potash variety.

Another series of rather large openings was worked by the Guilford
and Waltersville Granite Company just east of the Old Granite Rail-
road near the Patapseo River. They have been idle for about 12 years.
The largest of these openings is 200 feet long (northeast) 40 feet wide
and 30 feet deep. Singewald says:® “The quarry was opened in 1906

? Singewald, J. T., Jr. “The Feldspar Industry in Maryland,” Md. Geological
Survey, vol. XII, 1928, p. 112.
10 Op. cit., p. 115.
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and for several years was an aetive produeer, ten men being employed
and air drills used. The roek was loaded by means of a c¢hute direetly
into the railroad ears from the quarry.” Parallel to the larger opening

are two others, farther toward the river to the southeast.

A large operation whieh employed 25 men in 1917 was that of the
Feeney and Atherton Feldspar Company, oeeurring on the hill running
south of the Baltimore and Ohio Railroad tunnel one mile west of Al-
berton. The daily output of 30 tons was hauled to the railroad siding
three-eighths of a mile away.

There is a large opening on the Gilmor farm one-quarter of a mile
southwest of Summerfield Station on the Maryland and Pennsylvania
Railroad. The dike eontains potash feldspar but is rather too fine-
grained and has too much mieca to produce a high grade of pottery
spar. There is a railroad siding.

Should there be an inerease in the demand for any of the produects
mentioned above the Baltimore County deposits of feldspar eould supply
a large demand. If proeesses for obtaining the potash or alumina from
feldspar should be perfeeted those deposits would have eonsiderable
value. As the eonditions are at present no known body contains a
suffieient amount of high-grade pottery spar to warrant development
though it would seem possible that some of the deposits might be worked
if the waste material were marketed as second-grade feldspar, and
poultry, stueeo, and roofing grit.

If, as has been eontemplated, a high-grade eement, which would eom-
mand a higher priee than the present produet, were to be made from
ground limestone and feldspar, the deposits northeast of Loch Raven
eould be utilized. Here the pegmatites eontaining the feldspar oeeur
in dolomitic limestone and in many of the existing quarries both types
of material are adjaeent to one another. The value of sueh an operation
would be further enhaneed if potash could be extracted from the dust
of the feldspar grinding.

One mill for grinding feldspar and allied produets operates in Balti-
more City, the Produet Sales Company, situated at Claremont on the
Baltimore and Ohio Railroad. Both Virginia and Maryland feldspars




280 MiNErRAL REsources oF BaLtiMorRE CouNTY

are being ground at present. The mill has a eapaeity of 65 tons a day.
It is driven entirely by eleetrieity. The apparatus for grinding feld-
spar eonsists of 2 jaw crushers, a Hardinge mill, 2 Sehmidt continuous-
fecd and diseharge finishing mills, and an air separator which takes the
grindings under 200 mesh.

For further details eoneerning the feldspar industry, and for a eom-
plete deseription of the openings in Baltimore County see J. T. Singe-
wald, Jr., “The Feldspar Industry in Maryland.”” Maryland Geologieal
Survey, vol. XII, 1928, p. 93.

QuarTz (FLINT)

Quartz is one of the commonest minerals in nature and occurs under a
wide range of geologic conditions. The quartz with which this scetion
deals oeeurs as lens-shaped veins and dikes intercalated in the erystal-
line rocks of the eastern Piedmont Provinee, in mueh the same manner
as the pegmatites. In faet, the quartz veins and pegmatites are proba-
bly genetieally related to one another and in some eases are gradational.
The trade name for this quartz is flint, though from a mineralogie stand-
point the latter is a erypto-erystalline form of silica of entirely different
appearanee and geologie oeeurrenee. Quartz is silieon dioxide; it is
harder than steel or glass and has a hackly fracture whieh eauses it to
break into sharp-edged fragments. As it oeeurs in dikes and veins
it is a massive, erystalline material of vitreous luster.

The oceurrenee of vein quartz in Baltimore County is in an area
roughly coincident with that of the feldspar deposits, though that of the
quartz is somewhat more extended. This isin a belt about 15 miles
wide running northeast and southwest aeross southern Baltimorc
County, ineluding the northern part of Baltimore City.

The quartz deposits are most abundant in the gneisses and sehists of
the area and rarely exceed 30 or 40 feet in width and a few hundred feet
in length. The most important oecurrenees are in southwestern Balti-
more County,in an area bounded on the west by the Patapsco River, on
the east by Reisterstown Road, and extending from Ellieott City north
to about Reistcrstown. There has been no produetion outside of this
area.
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Quartz is prineipally used in the manufaeture of pottery, as an abra-
sive, and as a filler. It is also used in the packing of acid towers, in
metallurgical work as an alloy, in the making of fused glassware for
laboratory utensils, for roofing, stueeo, and minor quantities for poultry
grit. Only the purest grades ean be employed for pottery as small quan-
tities of iron will diseolor the ware on burning. Its use in the manufae-
ture of wood filler and for paints, and as an abrasive in sand belts, sand-
paper, sand blasts, seouring soaps, ete., does not demand quite so pure a
produet.

For a number of years Maryland was the most important flint-pro-
dueing state. The produetion, however, is subjeet to great variation,
and, whereas there were 5 aetive flint-grinding mills in the State 10 years
ago, today there is only one. Also, the aetivity within the State is sub-
jeet to great variation. Thus in 1923 Maryland produeed flint aggre-
gating $42,125, nearly all of which eame from Baltimore County, while
in 1926 Maryland produeed $47,507, very little of whieh eame from
Baltimore County. This fluetuation is due to the small seale of the
workings, and also to the fortunes of the loeal mills whieh afford the only
market to the quarrymen.

The spasmodie produetion in Baltimore County may be direetly

traeed to the history of the two mills now operating in the region.
The mill of the Produet Sales Company at Claremont, Baltimore
City, formerly ground a small amount of quartz along with feldspar,

and used the same apparatus. This praetiee has now been largely
diseontinued. The mill of the Maryland Quartz Company at Glen
Morris has been running intermittently for a long time. In 1910 it was
entirely rebuilt, and in 1926 the mill was aequired from the Piteher
estate by M. M. Goodman of Baltimore. . Sinee the latter date it has
seen eontinuous aetivity. A few operators have for a time shipped
their flint out of the State, but the great majority of thein have worked
the deposits only when a nearby mill was in operation.

At the present time all of the quartz quarried in Baltimore County
is sent to the mill at Glen Morris, and most of the operators are within
10 miles of the mill. An opening is usually worked for only a short time,
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for when it becomes necessary to move much waste rock, or the workings
rcach any depth, a new body is found. Much of the quartz brought to
the mill is from loose, residual boulders found scattered over the fields.
The more continuous producers have becn operations from veins or dikes
in situ.

Many of the operators are farmers who quarry a few loads of quartz
during slack seasons in the farm work. At the present time there are
three rather continuous producers, these are: the Baer quarry, worked
by Walter O'Dell, 2 miles northeast of Marriottsville; the L. I. Green
quarry near Oakland; and the William Yox quarry at Berryman Lane
and Deer Park Road.

These quarries are all worked by simple methods and the quartz is
hauled by truck to the mill at Glen Morris. The producers receive
$4.00 a long ton for the best grade of flint at the mill.

The mill at Glen Morris is well-equipped and efficiently operated. It
is described as follows by Singewald:"! ‘“The rock is fed by hand to a
jaw crusher and clevated to a bin from which it is fed automatically to
a set of rolls. At this point three coarse sizes, 21-2 inches, 2-1 inch
and 1-% inch, for use in filters may be screcned out. The under -inch
size or the entire roll product is reélevatcd to a scrcen with 3/16-inch cire-
ular holes. The oversize passes through a sccond sct of rolls and
3/16-inch screen, the oversize of which goes to a third set of rolls. The
undersize of the two screens and of the third rolls passes through three
screens, the first of which has 3 sections and the next two 2 sections, the
oversizes of which make 7 finished products of the following sizes respec-
tively: over 3/16-inch, 3/16-1/8-inch, 8-10 mesh, 10-12 mesh, 12-16
mesh, 16-20 mesh, 20-24 mesh. These sizes are used for filters and
pottery. The 20-24-mesh size is also used in lithographing. The
undersize of these screens, the under 24-mesh, gocs to a bolting machine
that makes 9 oversizes of the following screens: 30-mesh, 34-mesh,
40-mesh, 54-mesh, and 72-mesh grit gauze screens, and No. 9, No. 10,
No. 11, and No. 17 bolting silk; and a tenth product which is the under-

" Singewald, J. T., Jr., “The Quartz (Flint) Industry in Maryland,”’ Maryland
Geological Survey, vol. XII, 1928, p. 156.
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size of the last bolting eloth. These produets are used in lithographing,
as abrasives, and for polishing. A fourth set of rolls is used to regrind
sizes that are produeed in exeess of the demand. All of the apparatus
is connected with air suetion and the elevators and chutes tightly
boxed so as to reduee the dust to a minimum. The power for the plant
is steam.”

The mill of the Produet Sales Company at Claremont, Baltimore City,
is deseribed in detail under the diseussion of feldspar.

The future of the flint industry in Baltimore County is a matter of
considerable speculation. The quantities of flint which exist are very
large, but at the present priees, and under the existing eonditions of
development no very great expansion ean be expeeted. Also, many of
the products listed above as produced from the vein quartz of Baltimore
County are in competition with the more easily worked deposits of
sandstone, and no expansion may be expected at the present in that
direetion. These sandstone deposits, of which the workings in the
Oriskany formation of West Virginia and the St. Peters sandstone of
Illinois are examples, are quarried on a huge seale, with power shovels
in open euts and the attendant grinding and erushing is mueh less than
in the massive vein deposits. However, there are apparently eertain
differenees in the grade of produets produeed to permit of competition;
thus it is elaimed that for eertain sizes the abrasives made from vein
quartz are superior to those from sandstone. Also, due to the increase
in the priee of metal produets and other struetural materials the glass
industry is experiencing a econsiderable expansion, and it may be quite
possible that new uses will be found for ground flint produets made from
vein quartz.

WORKINGS FOR QUARTZ

Yoz Quarry, Soldier’s Delight (60)

William Yox is operating a quarry for flint about one-half mile east of
the junetion of Deer Park Road and Berryman Lane. The deposit is
vein quartz which forms a body 20feet wide and extends in a direction N.
65 °E. Itis vertieal and has been followed for about 180 feet. The wall-
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rock is miea sehist which is sharply cut by the vein. The quartz is white
and glassy, and the texture varies from massive to coarse-granular.
There is a little accessory black tourmaline. The material is shipped by
truek 5 miles to the mill at Glen Morris.

Baer Quarry (61)

Flint is being worked on the form of Gottlicb Baer west of Ward’s
Chapel Road at a point 1} miles south of North Branch. The deposit
is a large mass of quartz intercalated in a wall-rock of schist. There are
two openings: one 100 fect long, 40 fect wide and 30 feet decp which is
worked out; and another adjaeent to it whieh is now being operated.
This locality has been worked spasmodically for a long time and much of
it was formerly shipped to sandpaper manufacturers. It is now being
sent to the Maryland Quartz Company’s mill at Glen Morris.

CHROME

The commereial source of the clement chromium is exclusively in the
mineral chromite, which when pure, is an iron chromate of the formula
FeO.Cr;0;. It is a heavy, opaque, iron- to brown-black mineral,
with a pitchy luster, uneven fracture and hardness nearly that of steel.
Geologically it is almost entirely restricted in occurrence to the dark
ultrabasic rocks and their serpentinous derivatives. In Maryland
chromite is found only in serpentine—a rock which is readily recognized
by the barren country it produces. Thesc “barrens,” as they are locally
called, are stretches of uncultivated country whieh support only a sparse
growth of grass, scrub oak, and pine. It is believed that this condition
is due to the chemical composition of serpentine (a hydrous magnesium
silicate), which prevents a vigorous growth of vegetation, thus allowing
the soil to be rapidly eroded, leaving the dull, fractured, greenish-yellow
serpentine rock cxposed at the surface.

The principal use of chromium is in the manufacture of ferrochrome,
which, in turn, is used in making high-grade stecl. The second most
important use is as a refractory substance—chicfly as a lining in the
basic open-hearth steel process, which produces three-quarters of the
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steel of the United States. Considerable amounts are used in the
chemieal industries—in tanning, dyeing cloth, and for pigments.

The history of chrome mining in Baltimore County is of particular
interest, in that it was duc to the activities of Isaac Tyson, Jr., of Balti-
more, that Maryland came to be the chrome producing center of the
world for a eonsiderable time.!? It was on Tyson’s farm at Bare Hills,
just north of Baltimore, that chromitc was first discovered and mined.
This date is variously plaeed betwecn 1808 and 1827, but from the fact
that most of the workings at Bare Hills had been abandoned some time
previous to 1833 a time nearer to 1808 is probably correct. The oeeur-
rences at Soldicrs Delight, the barren stretch of country 12 miles north-
west of Baltimore, werc discovered in 1827, and the discovery of other
regions in Maryland followed soon after. These were all the result of
the superior acumen of Tyson, who recognized that the ehromite always
occurs in the serpentine and was able to follow this roek by the barren
areas to which it gives rise.

All the ore nined in Maryland and the adjacent region in southeast-
ern Pennsylvania was shipped to Baltimore, and nearly all of the chrome
produced in the world between 1828 and 1850 came here.  Isaac Tyson,
Jr., established a chrome plant in Baltimore in 1845, and thereby gained
a monopoly in the ehemical use of chrome as well asin its mining. Mary-
land eontinued to be the prineiple producer of chrome until the middle of
the last century, when the deposits in Asia Minor assumed importanee,
and the exports from Baltimore ccased in 1860. The Baltimore Chrome
Works maintained its monopoly until 1885, and continued to do a
thriving business until 1908, when the Tyson family sold out to the
Mutual Chemieal Company of America.

The mining of chromite again beeame aetive in Maryland during the
seventies of the last eentury, but since 1880 there has been but a small
and irregular production of sand chrome, and, except a small amount
between 1917 and 1925, none of rock chrome.

12 For fuller accounts see Glenn, Wm., Trans. Amer. Inst. Min. Engineers, vol.
XXII, 1895, pp. 487-492; and Singewald, J. T., Jr., Maryland Geological Survey
vol. XTI, 1928, pp. 158-160.
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The mineral chromite is widely disseminated in small quantitics in the
serpentine of Bare Hills and Soldiers Delight, but is is only at a few
places that it occurred in payable quantities. These bodics of richer
material are very irregular in size and shape, and it is very difficult to
determine their value or extent. At several places at Bare Hills adits
run into the hill below the outerops above failed to find ore at the lower
levels. The dimensions of the ore bodies vary from a few inches to
several hundred fcet in extent. Since serpentine weathers more readily
than chromite the disintegration of the rock leaves the chromite intact,
and surfaces waters collect it at favorable localities. This “sand
chrome,” as it is called, is recovered by washing, and has been the main
sourec of the more recent workings at Soldiers Delight.

Because of the comparative small size of the Maryland chromite
deposits, the mining and milling of the ore has becn on a small scale
and by simple methods. Many of the workings at Bare Hills and
Soldiers Delight were in small open pits, and these may still be seen from
the roads which traverse the areas. At both localities, howcver, shafts
with drifts were dug and at some places large volumes of rock removed.
The Weir mine, Soldiers Delight, on the Ward’s Chapel Road, 13 mi. N.
of Holbrook, was the largest in the county, and the workings, which con-
sist of two vertical shafts 60 feet apart, are said to have reached a depth
of 200 feet. The Choate minc, on Deer Park Road, Soldiers Delight,
was another large operation, and considerable work was done during
1917 and 1918 in clearing debris about the mine, but no ore was produced
at that time.

The economic outlook for the future mining of rock-chrome in Balti-
more County is not very good. At best the deposits at Soldiers Delight,
are very small compared to those now worked in Rhodesia, New Cale-
donia, and Asia Minor, and it was only under the forced stimulus of the
World War that they assumed any interest at all. Though it is probable
that other deposits similar to those already found exist, their discovery
is purely fortuitous and uncertain. It is only through the methods of
geophysical prospecting that any assurance could be had. The produc-
tion of sand chrome seems more feasible, in that until recently there
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has been a demand for a small amount of this ore for shipment to Europe,
where it is used in the setting of eolors on fine proeelain ware. It is
elaimed that the Maryland ore is partieularly adapted to this purpose.
The amount of sand ehrome whieh exists would be suffieient and rieh
enough for this purpose.

For a fuller discussion of the “Chrome Industry in Maryland” see J.
T. Singewald, Jr., Maryland Geological Survey, vol. XII, pp. 158-191.

CoPPER

Though eopper mining in Baltimore County will probably never attain
to eeconomie importanee again, it has eonsiderable interest historieally,
and, with the deposits elsewhere in Maryland, was largely responsible
for the establishing of the eopper refining industry in Baltimore City.
Copper was mined in Maryland before the Revolution, and the Liberty
mine, Dolly Hyde mine, and New London Mine, all in Frederiek County,
were worked until aslate as 1914. Most of these operations were short-
lived, and many of the larger mines have been worked by several eom-
panies at different times. At present there is no aetivity, and the large
deposits being worked elsewhere in the world give little prospeet that
any of the Maryland oeeurrenees will again be of value.

One of the largest mines in the State was the Bare Hills eopper mine.
This is not direetly within the serpentine of Bare Hills but oeeurs one-
half mile to the south along Smith Avenue, and about a mile northwest
of Mount Washington station on the Pennsylvania Railroad. At the
present time only the mine dumps and the foundations of one or two
outbuildings are visible. The deposit was opened in 1845, but little
work was done until 1860, and in 1864 the Bare Hills Mining Company
was formed. At this latter date the workings eonsisted of a 600-foot
shaft, with levels “at various points.” It was elaimed the material
oeeurred in a vein 5 feet thiek, with a eontent of 113 per eent of eopper.
Work was eontinued intermittently between 1864 and 1880 when the
mine finally closed. During this time it is reported that 32,500 tons of
18 per eent eopper were produeed at a value of $1,755,000. In 1900
a stoek eompany was formed and plans made for reworking the mine but
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nothing eame of the projeet. This oeeurred again in 1905, and the mine
was unwatered, but little ore was aetually mined.

The ore at this loeality oeeurs in hornblende gneiss, whieh has been
extensively injeeted by pegmatite and epidote. The ore minerals are
ehaleopyrite, bornite, and magnetite. A large suite of other minerals
oeeur as a gangue to the ore, and the loeality has been a meeea to stu-
dents and mineral-eolleetors for a long time; so mueh so, in faet, that
little material of interest remains on the dump.

As early as 1815 a eopper rolling mill, the direet aneestor of the present
Baltimore Copper Smelting and Rolling Company, was started by Levi
Hollingsworth on the Gunpowder River, to work the output of the Mary-
land mines. 1In 1845 a eopper smelting works was started at Canton, and
a little later another at Loeust Point. In 1886 the present Balti-
more Copper Smelting and Rolling Company was founded under an
amended charter of the old Gunpowder Copper Company. Many
prominent eitizens of Baltimore have been interested in these works,
among them the Browns, MeKims, Garretts, Keysers, and Johns
Hopkins. The interests of these people were not eonfined to the loeal
industry, but extensive holdings were obtained in the eopper deposits
of Arizona and Montana, and it is beeause of this expansion that
Baltimore today has the largest refineries in the eountry.

TuE WATER RESOURCES

The water resourees eomprise springs, streams, dug wells and artesian
wells. Sinee the County is the most populous county in the State

springs and dug wells have gradually gone out of use beeause of their
liability to contamination and none are now permitted in the City.

SURFACE WATERS

The region is well supplied with streams. Those of the Coastal Plain
portion, as previously mentioned, are tidal estuaries, with braekish water
and with mueh mineral and vegetable matter in suspension, and are
entirely unsuitable for domestie or munieipal use. The streams of the
Piedmont Plateau portion of the eounty are rapidly flowing, fluetuating
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streams which when not contaminated by man are available as sourees of
munieipal water supply. All are a part of the Chesapeake Bay drainage
system and reaeh the Bay through the broad estuaries of the Gun-
powder,-Middle, Baek, and Patapseo rivers. The prineipal Piedmont
streams whieh are rapid and more fluetuating are the Gunpowder and
its branehes, Stemmers Run, Herring Run, Jones Falls, Gwynns Falls,
and Patapseo River. The upper courses of these streams are variously
utilized, but the lower courses are all rather thiekly settled and unsani-
tary. Baltimore City obtains its supply from the Gunpowder at Loch
Raven, where an impounding reservoir with a eapaeity of 23 billion
gallons has reeently been eompleted. The water is treated ehemieally
and filtered and its use has resulted in the elimination of typhoid and
similar diseases.

The Piedmont streams develop considerable water power whieh is
utilized locally for small milling and manufaeturing purposes.

SPRINGS

There are numerous springs in Baltimore and vieinity, the majority of
whieh are located near the “fall line” in the Coastal Plain seetion and
throughout the deeply disseeted Piedinont seetion. Many of these
within the eity limits were formerly used, but all have now been aban-
doned on aeeount of the danger of eontamination.

In the Piedmont area around Baltimore there are many springs, both
large and small, some of whieh, like the Chattolanee Spring in the Green
Spring Valley, have long been eelebrated.

These spring waters are utilized in the manufaeture of soft drinks
and in supplying table water. More than a million gallons of table
water are sold annually in Baltimore and vieinity. The prineipal eon-
cerns engaged in this business are the Chattolanee Spring Water Com-
pany, Powhatan Spring Water Company, Rognel Heights Water Com-
pany, Royal Spring Water Company, Caton Spring Water Company,
and Brooklandwood Farms and Spring Company.

The Chattolanee and Brooklandwood springs are situated in the
Green Spring Valley north of the eity. The Royal Springs are at Rux-
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ton Heights. Caton, Powhatan and Roek Crystal springs are west of
the eity at Catonsville, Woodlawn, and Rognel Heights respeetively.

Good springs are numerous at Bengies, Chase, and Westport, and
throughout the eentral and northern parts of the eounty and are mueh
utilized loeally. In some loealities springs are searee, for example,
in the region of Middle River there are only a few, and at Walters only
one was notieed. These springs oeeur at the base of the hills or in small
depressions in the surfaee of the terraees. Most of them have a good
yield of elear, eold water, but the supplies are little used exeept in
places where the springs are near dwellings. The amount of inorganie
matter earried in solution is seldom large, though at Chase there is a
notieeable quantity of iron, and there is also some sulphur.

DUG WELLS

Although no longer used in the City shallow dug wells are still largely
utilized throughout the rural parts of the County. Their depths and
the amount of water whieh they yield are variable. They generally
reach the water table in loose materials overlying the erystalline roeks.
The depth of these wells varies eonsiderably, the shallowest being only
14 or 15 feet and the deepest about 80 feet. The souree of the water is
usually a white sand or gravel, but loeally, as at Chase, the water bed is
reported to be a red, elayey sand. There are elay beds above the water
horizons at Westport, Walters, and Bengies. These elay beds are
important beeause they exelude impure surfaee waters, but loeally their
value is impaired by their lack of eontinuity.

The amount of water in the dug wells differs from plaee to place and
in somec localities it varies with the rainfall. The following list gives a

good idea of the variation in depth.
Feet

Westport. .....ovvvvviiineeiiiniinnnn. e B e v RS R 30-40
LR T oo PP ISR S 1 SSE B SRR PR | 8 5 1 25-50
A EPRIFORG . < - - <5 e ot e oeclevatweialole o0 slafe oololt oleraTe Salels o Bl ol R 14-30
IBEIT TS b o G NP S S 0 15-40
OhaseW™ 80 L L e e 12-80

The quantity of water eould not be determined at all these plaees. At
Westport the wells eontain 8 to 10 feet of water, at Middle River 3 to 6
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feet, and at Bengies and Chase 3 to 4 feet. The quantity of water at
most of these localities is not greatly affeeted by normal droughts, but
during eontinued dry weather some of the wells may become dry.

The quality of water obtained from the dug wells is variable though in
most places it is hard. Soft water is reported from some wells at
Walters, and others near the Chésapeake and its estuaries yield brackish
water. In general, the amount of mineral matter in solution is not
great enough to be objectionable. At Bengies and Chase some wells
supply water containing large quantities of iron, and at the latter place
a few of them yield sulphur water. In general it may be said that the
use of shallow wells becomes more dangerous each year as the country
becomes more thickly settled. Unless the wells are situated so that they
cannot be contaminated by surface drainage and the seepage of sewage
their use should be diseontinued.

ARTESIAN WELLS

The artesian waters of the Baltimore district are considered under two
heads, one treating of the artesian waters of the Coastal Plain area and
the other the deep-well waters of the Piedmont area. The former is the
more important of the two, sinee it so intimately conneeted with the
great industrial development in the Coastal Plain area south and south-
cast of the city.

The Coastal Plain Area

This region ineludes the southern and eastern parts of Baltimore City
and the ecountry bordering Patapsco River to Bay Shore and Bodkin
Point. A large number of suceessful wells have been drilled though but
few of them flow. The flowing wells have only been obtained on low
ground, but the prineiples governing the oceurrence of the water are the
same for both the flowing and the non-flowing wells, and hence they
are all elassed as artesian. From the present industrial development in
this seetion there is reason to believe that a large number of new wells
will be drilled in the future.

The most important water horizons oeeur in the Patuxent formation,
which consists of beds of sand, gravel, and elay resting on the sloping
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surfaee of the erystalline roeks of the Piedmont region which extends
beneath the Coastal Plain. In Canton and vieinity the wells show the
presenee of at least three, and possibly four, water-bearing horizons.
The lower of these horizons is a bed of gravel lying on the floor of the
erystalline roeks. This bed, whieh will be indieated as Patuxent horizon
No. 1, furnishes a very large amount of water and supplies a large
number of wells in South Baltimore, Canton, Highlandtown, and the
region to the southeast. Patuxent horixon No. 2 lies about 35 or 40
feet above No. 1 and is also a very large produecer of good water in num-
erous wells in this distriet. Another horizon, No. 3, lying about 30 feet
above No. 2, yields a little water, but its maximum eapaeity is not known
beeause it has not been extensively exploited. There appears to be a
still higher horizon, No. 4, but it only shows in a few plaees. These
horizons were reeognized and diseussed by Darton'? in an earlier report
on this region, but sinee Darton’s bulletin was published the lower or
No. 1 horizon has been more extensively developed in the vieinity of
Canton and Highlandtown, and is now regarded as of equal importanee
to the No. 2 horizon.

The wells in the Canton and Highlandtown distriets are situated
mostly along Clinton Street on the water front and along the line of the
Philadelphia, Baltimore & Washington Railroad from the grain elevators
north to Fayette Street. The No. 2 horizon, like the No. 1 horizon,
supplies a large number of wells, ineluding those at the Lazaretto
lighthouse; several wells at the No. 1 elevator, Northern Central Rail-
road; most of the wells at the Standard Oil Company’s Refinery on
Toome Street; ete. The No. 3 horizon lying approximately 100 feet
above the erystalline roeks supplies several wells.

The wells between Canton and the basin are mostly situated along the
river front on Boston Street. While most of them obtain water from the
No. 2 horizon of the Canton and Highlandtown region, there are several
that are supplied by the No. 1 horizon. At the J. S. Young Company,
2731 Boston Street, there is one well 147 feet deep yielding 60 gallons per
minute. This well probably obtains its water from No. 2 horizon. At

13 Darton, N. H. U. S. Geological Survey, Bull. No. 138, pp. 142-148.
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this locality a well which was drilled to a depth of 1000 feet encountered
erystalline rock at about 190 feet. About 55 gallons per minute was
sceured in this well, and while the exact depth to the supply is not
known, the driller reports traces of water at 400 feet, and a large quantity
at 640 to 660 feet. Aeccording to the statement of the superintendent of
the plant the water was unfit for use beeause it was muddy. The well
was eased to the crystalline rock but was later drawn back 40 feet and
thus increased the supply to about 100 gallons per minute. This well
doubtless obtains water from both the No. 1 and No. 2 horizons.
Another well at this loecality yields 40 gallons from a depth of 96 fect;
probably from the No. 3 horizon. The well at the Canton Box Com-
pany, 2515 Boston Street, obtained slightly salty water at a depth of 96
to 100 feet, probably from the No. 2 horizon. This well was drilled
over 20 years ago and possibly the salt water enters from the harbor
through a corroded casing. The 176-foot well of H. J. MeGrath,
Atlantie Wharf, and the wells at the foot of Wolfe Street belonging to
the Ameriean Iee Company, appear to draw from the No. 1 horizon.
The Iee Company wells tap the No. 2 horizon and possible the No. 3
horizon.

The No. 3 horizon supplies the 106-foot well at Louis Grebb’s, 2357
Boston Street; the 98-foot well of Miller Bros. & Company, 901-913 S.
Wolfe Street; the 94-foot well of the Booth Packing Company, Wolfe
and Lancaster Strects; and the 90-foot well of J. Langrell, 2115 Aliceanna
Street. For various reasons many of the wells in this region have been
abandoned. In some places the wells have become clogged, while in
other places the ground is so saturated with acids that the pipes are
corroded and the water contaminated.

On the water front between Wolfe Street and the head of the basin
there is a sinall number of wells and many of the older wells of this
loeality have been abandoned. All of those belonging to the city were
elosed by the Health Department, and others were abandoned on
aceount of ehanges in the burned distriet. At the plant of Louis Eekels
Ieec Manufaeturing Company, Gough Street near Broadway, three wells
were reported as having depths of 125, 135, and 165 fect respectively.
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They obtained water from a horizon whieh has been correlated with the
No. 1 horizon of the Canton district, and the crystalline rock was en-
eountered at about 95 feet. The yield, in the order mentioned, 32, 20,
and 45 gallons per minute. There are several wells situated on Central
Avenue which probably draw from the No. 3 horizon.™

The wells at the plant of Louis Elmer & Sons, Central Avenuc and
Bank Strcet, obtain water from the same horizon at depths of 60 to 70
fect. They only yield 15 to 20 gallons eaeh. At the Bennett Potteries
there is one well 50 fect deep which furnishes a large supply of water
from a horizon that has not been definitely correlated with those at
Canton.

At the plant of the Cooperative Iec Company, S. Frederick Strect necar
Baltimore Street, a 125-foot well did not obtain water, though it passed
through the No. 1 horizon and entered the crystalline roek at 60 feet.
The Hammond Ice Company drilled about 30 wells to a depth of 100
feet at the foot of Bloek Strect. Water was encountered in all of these
wells and some of it contained sulphur. This horizon has been eorre-
lated with the No. 2 horizon at Canton.’® The ice factory was never
eompleted and hence these wells were never used. Sharp & Dohme,
Pratt and Howard Streets, have four wells, 77, 85, 90, and 94 fect deep,
respectively. Roek is reported at 77, 85, and 88 feet. The 90-foot
well has a yield of 4 gallons of water, but the depth to the water horizon
is not known. The 94-foot well obtained 20 gallons of water from a bed
of clean, yellow sand at a depth of 62 feet. This sand extends down to
the erystalline rocks and the water is from horizon No. 1.

At the plant of the Baltimore Refrigerating & Heating Company, 426
S. Eutaw Street, 20 wells were drilled to a depth of 100 feet. Crystalline
roek was eneountered at 70 feet and the water oceurs in a bed of gravel
at 45 to 55 feet decp. The aggregate yield of the 20 wells is 60 gallons
per minute and the same amount ean be obtained by pumping 10 of
them. Another well at this plaee was drilled to a depth of 304 feet.
Solid rock was encountered at 70 feet and 45 gallons of water per minute

4 Darton, N. H. U. S. Geological Survey, Bull. No. 138, p. 144.
U Op. cit., p. 144.
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was obtained at 304 feet, but the yield subsequently diminished to 25
gallons. The cause for this reduction could not be ascertained.

The Knickerboeker Iece Company, York and William Streets, reports
eight wells which were originally 150 feet decp. These wells filled up to
a depth of 90 fcet with sand. An aggregate yield of 250 gallons per min-
ute was obtained from the eight wells and all appear to be supplied by
the No. 1horizon. The water has a braekish taste and eontains consider-
able iron.

The American Ice Company, Hughes and Henry Streets, have cight
wells ranging in depth from 110 to 136 fect. The water oecurs in the
No. 2 horizon, which is here a coarse, yellow sand. The aggregate yield
of the eight wellsin 615 gallons per minute.

Wm. Numsen & Sons, Jackson Strect and Fifth Lane, have reported
one well whieh obtained 26 gallons per minute from a bed of sand at 100
feet. The supply is somewhat hard and eontains some sulphur. A 65-
foot well at this locality yields about the same amount of water as the
deeper one.

There are scveral wells located close to the water front between Fort
MecHenry and the interseetion of Jackson Street and IFifth Lane. They
range in depth from 109 to 138 feet and obtain water from the No. 1 and
No. 2 horizons. The well at Platt & Company, Clement and Boyle
Streets, obtained 30 to 40 gallons per minute in a bed of white sand and
gravel representing the No. 2 horizon. Torsch & Company’s well,
Lawrence and Clement Streets, obtained 50 gallons per minute at 138
feet in a fine gravel with a pinkish cast, which is probably the No. 1
horizon. At the Piedmont & Mt. Airy Guano Company’s plant, foot
of Woodall Street, there is a well 109 feet deep.  Water occurs in the No.

2 horizon which, at this loeality, is a bed of eoarse gravel overlain by a
white, sandy elay. The well had a large yicld but it was abandoned be-
cause the water formed a hard glass-like seale in the boilers.

G. Ober & Sons Company, foot of Hull Street, near the ferry landings,
has had several wells drilled. One well which was sunk in 1891 has a,
yield of about 20 gallons per minute from the No. 2 horizon at a depth of
90 fect. In 1897 a second well was sunk to a depth of 110 feet and gave
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about 30 gallons per minute. The present well, 130 feet deep, was
drilled in 1901 and has a yield of 30 gallons per minute, probably from
horizon No. 1. At 125 feet a water horizon was eneountered that sup-
plied water having a brilliant red color. The ground at this plaee is
thoroughly saturated with sulphurie aeid whieh rapidly destroys the
easings and renders the water unfit for use within less than six years
from the time the wells are drilled.

Louis Ehrman, 1032-34 Haubert Street, has a well 128 feet deep whieh
yields about 40 or 45 gallons of water per minute. This water oceurs in
a fine white sand belonging to the No. 1 horizon. At the Baltimore Dry
Doek Co., elose to Fort MeHenry, there is a well 118 feet deep whieh
has a fair yield of soft water.

Salty water was obtained at a depth of 190 feet near the eleetrie
plant of the Consolidated Gas & Eleetrie Company, formerly the
Maryland Telephone Company, at Gold and Winder Streets. The
National Enameling & Stamping Company, Light and Wells Streets,
have one well 162 feet deep, which yields 90 gallons of exeellent water per
minute.

In the Westport region the underlying erystalline roek is near the sur-
faee, though in the southeastern part of the distriet there is a thin veneer
of the Patuxent formation and horizon No. 1 is present. The Maryland
Glass Corporation proeured a small quantity of water in erystalline roek
at 238 to 267 feet, and the Western Maryland Railroad obtained a
little poor water at 60 feet. The Carr-Lowry Glass Company have one
well 205 feet deep. Crystalline rock was eneountered at about 80 or 90
feet and the water was probably obtained from horizon No.1. No water
was found in the roek. The supply previously mentioned eontained a
white sediment. This eompany sank two or three other wells to the
erystalline rock without obtaining water. They also have two or three
old wells of unknown depth that have been abandoned beeause of the
small quantity of water.

In the region between Canton and Sparrows Point there are numerous
sueeessful wells, and while most of them are loecated at the plant of the

Bethlehem Steel Company, there are several at other places. Some of




MARYLAND GEOLOGICAL SURVEY 297

these are the well 296 feet deep at the No. 3 clevator of the Northern
Central Railroad where three water-bearing beds were encountered, the
first at 185 feet, the seeond at 220 feet, and the third at 296 feet. The
horizons should probably be correlated with Nos. 1, 2, and 3 of the Can-
ton distriet. The elevator well yields 104 gallons per minute, but it is
not known whether it draws from all of the water horizons or from only
the lower one.

At St. Helena there is one well which yields 75 gallons per minute from
a depth of 75 feet, possibly from the No. 4 horizon.

At Sollers Station, near Bear Creek, two wells were drilled for the
United Electriec Railway’s powerhouse. A seetion of one of these wells
shows water at 19 to 21 fect, 149 to 159 feet, and 284 to 287 feet. The
water encountered in this well at 19 to 21 feet is probably surface water.
The other well secured 110 gallons at 200 to 226 feet. It is quite possible
that these supplies ecome from Nos. 2, 3, and 4 horizons.

The 160-foot well of the Aluminum Ore Company at Turners Station
probably taps the No. 4 horizon. The two wells of the Bartlett Hay-
ward Co. at Turners Station elearly show the southeastward continua-
tion of the deep ehannel underlying the Coastal Plain and conspicuously
shown by the well records in Highlandtown. These wells each yield 200
gallons of good water for steaming purposes, the water heading within
15 to 20 feet of the surface.

Considerable suceess has been met with in the wells belonging to the
Bethelehem Steel Company loeated at Sparrows Point. A large num-
ber of wells have been drilled ranging in depth from 1121 to 611 feet.
There seem to be four general horizons here similar to those in the
region to the northwest. Each of these horizons furnishes good supplies,
the largest yields usually coming from the deepest wells. One well 509
feet deep yields 364 gallons per minute, while another well 301 feet 7
inches deep yields 328 gallons per minute.

At Fort Howard there is one well 314 feet deep which yields 110
gallons per minute, probably from the horizon just above the lower one
at Sparrows Point. The 743-foot well at Bay Shore Park flows 50 gal-
lons per minute at 3 feet above the ground. A seetion of this well does
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not show any water horizons exeept that whieh oeeurs at 721 to 743
feet. It probably eoineides with the lower horizon at Sparrows Point.
The water is somewhat hard and eontains some iron. The depth of
the No. 1 horizon at this loeality is about 150 feet lower than it should
be if the slope of the underlying erystalline roeks maintained the uni-
formity indieated elsewhere in the Coastal Plain. Presumably there is
a valley-like depression in these roeks underneath Bay Shore extending
northwest along the north shore of Patapseo Neek, as is indieated by

the well reeords at Sparrows Point, Highlandtown and Turners Station.
" Approximate depths ean be ecaleulated from the eontours of the map
shown in Figure 90 on page 339. At Rosedale, about 1 mile east of the
eity limits on the Philadelphia Road, several wells have been drilled
ranging in depth from 75 to 150 feet. There isa bed of red elay varying
from 35 to 100 feet in thiekness overlying the water-bearing sand.
These wells are all elose together and they have an average yield of about
10 gallons per minute eaech. At Rossville, about 3 miles northeast of
Rosedale on the Philadelphia Road, a well was drilled 229% feet and
seeured a large supply of water in roek; the water is hard and eontains
iron.

At Middle River, on the Philadelphia, Baltimore & Washington Rail-
road, an attempt was made to obtain a flowing well. Water was found
at 20, 70, and 123 feet, but it was so turbid that the well was abandoned.

The well drilled on the property of George R. Willis near Bengies
yields 40 gallons per minute from a light yellow sand with a small
quantity of gravel, probably the No. 2 horizon, at a depth of 180 feet.

At Prospeet Park on Eastern Avenue near Baek River 25 to 30 gallons
per minute were seeured at a depth of 136 feet, and at the disposal plant
of the Baltimore City Sewerage Commission, loeated on Baek River near
Eastern Avenue, 10 to 15 gallons per minute were seeured at 156 feet in
a fine yellow sand. Probably the No. 3 horizon is the souree of supply
in both of these wells.

The large number of sueeessful wells in the vieinity of Brooklyn,
Seawall, Curtis Bay, and Hawkins Point indieate a wide and general
extension of the Patuxent water under the Curtis Bay-Patapseo Penin-
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sula. At Brooklyn several wells have been sunk to a depth of 55 to 85
feet, dependent upon the surface elevation, which yield a fair supply
of water carrying a small amount of iron. At East Brooklyn and Sea-
wall several sueeessful wells have been sunk. The wells at the plant of
the Martin Wagner Company show water at the following depths: 95
to 105; 230 to 240; 310 to 375. These wells probably tap horizons Nos.
2, 3, and 4. The seetion of another well at this loeality shows these
three horizons at about the same depth. At the pumping station of the
Brooklyn & Curtis Bay Light & Water Company, opposite the South
Baltimore ear shops, there have been a number of wells drilled to depths
ranging from 109 to 575 feet. The deeper wells at this loeality encounter
rock at about 375 feet. Water-bearing strata oeeur at 70 to 90, 100 to
120, 180, 200, 215, 235, 300, 337} feet. The Curtis Bay Chemical
Company have 10 wells from 200 to 275 feet deep which average 77
gallons each, the water being eminently satisfactory for boiler use and
manufaeturing purposes. The Standard Guano Company have three
200-foot wells which overflow at the surface and yield about 15 gallons
each. The Republie Distilling Company have 19 wells, four 100,
three 125, and twelve 300 feet deep. The deeper wells apparently tap
the Patuxent water bed No. 3, so conspicuous along the north shore of
the Patapseo, and yield satisfactory boiler and distilling water whieh
heads about 30 feet below the surfaee and eaeh pumps about 300 gallons
per minute. The 125-foot wells head within 17 feet of the surfaee and
pump 250 gallons per minute. The 100-foot wells head about 30 feet
below the surface and pump 125 gallons per minute. These evidently
tap the No. 4 or a still higher Patuxent water bed. Evidently large
quantities of soft water ecan be obtained in this distriet within 300 feet
of the surface. At Flood’s Park, Curtis Bay, a large supply of good
water was obtained at about 65 feet, which is probably from the No. 4
horizon. At the U. S. Revenue Cutter Serviee Station, Arundel Cove,
water was obtained at about 216 feet, probably in the No. 3 horizon.
Two wells have been drilled at the Quarantine Station to depths of 136
and 150 feet respectively. The first well obtained 40 gallons per minute
at about 132 feet. The water horizon in the second well is at the
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bottom. This water has been eondemned by the Health Department of
Baltimore. The well was drilled to rock which was encountered at 420
feet, but no water was obtained below 150 fect. Horizons Nos. 1, 2,
and 3 are absent here, but it is quite probable that these wells tap the No.
4 horizon.

At Hawkins Point therc are three wells, two loecated at the works of
the Davison Chemical Company and the third at Fort Armistead.
The wells at the chemical works are 148 and 160 feet deep, yielding
40 and 60 gallons per minute, respeetively, and arc from the No. 4
horizon. At the fort there is a well which is 570 fect deep and yields
50 gallons per minute. It is quite possible that this water oecurs in the
crystalline roek though the character of the horizon ecould not be ascer-
tained.

The Piedmont Area

Since the largest percentage of the population of Baltimore County is
suburban to Baltimore City and is largely served by water companies,
and since in the more rural districts springs and shallow dug wells are
largely utilized, the exploitation of the underground resources is less
than might be expccted. This has been further influenced by the
uncertainty attending the drilling of wells in the erystalline rocks which
underlie so much of the county, as well as the great cost of such drilling
as compared with operations in the unconsolidated sediments of the
Coastal Plain.

In erystalline rocks the underground waters oceur in joint and fault
plancs and minute cavities in the rocks, and sinee such roeks are intri-
catcly folded and faulted it is impossible to predict the prospects with
any degree of accuracy. Occasionally a well will fail completely as for
cxample, a 265-foot well at Gwynnbrook which was entirely dry. A
number of wells have been put down at Arlington to depths of from 100
to 200 fcet and all reach water under a good head and pump from 20 to
100 gallons per minute of satisfactory water rather high in iron. A 125-
foot well at Lutherville pumps 70 gallons per minute of hard water which
heads 15 feet below the surface and is derived from the Cockeysville
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marble. Other and deeper wells at Lutherville yield mueh smaller
quantities of water.

Numerous wells have been put down in the towns suburban to
Baltimore, espeeially around Pikesville and Reisterstown. These are
for the most part between 100 and 300 feet deep and all yield small
amounts of siliceous water with a fair head. Some of the deeper wells
in this distriet, as the 500-foot well at the Suburban Club, give greater
yields up to 50 gallons per minute, while other deeper wells have small
yields, like the 587-foot well at the Jewish Consumptive Hospital which
yields but 17 gallons per minute. The Ruxton Water Company has two
wells, 152 and 178 feet deep, whieh together pump 60 gallons per minute.
The Suburban Water Company at Arlington have seven 8-ineh wells
ranging in depth from 70 to 175 feet and supply a daily consumption of
about 300,000 gallons.

The Artesian Water Company at Howard Park have five 6-ineh wells
to depths of from 117 to 200 feet and supply a daily econsumption of
about 72,000 gallons. The former Roland Park Water Company in
addition to utilizing springs had twenty-five 6-ineh wells from 95 to 500
feet deep and supplied a daily eonsumption of about 250,000 gallons.
Little ean be said of the artesian prospeets throughout the county,
although small yields are usually obtained at moderate depths.

Some of the wells whieh have been drilled in the Coastal Plain region
into the underlying Piedmont rocks have already been mentioned.
It may be said of the general artesian prospeets of sueh wells that pre-
vious experienee is an unreliable indieation of what may be expeeted.
Some of these wells have furnished satisfaetory amounts of water of good
quality and others have not. In general, it may be said that even if
they reach water the head is apt to be low.

The amount of information available for wells in the erystalline roeks
is not large, and the usual uneertainty regarding artesian prospeets in
erystalline roeks is strikingly illustrated. These roeks are intensely
folded and abound in small joint and fault planes so that definite water
beds are absent, the main water eontent eireulating through these mi-
nute eavities whieh may be at one level in one well and at a very different
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level in a nearby well. The head is also liable to vary through wide
limits, and for the same reasonsin adjaeent wells.

A number of wells have been drilled in the northeastern section of
Baltimore City as the 3,000 foot well at Gay and Lanvale Streets which
showed small returns although a 600-foot well at this place struck a water
zone at a depth of 300 feet which was reported as pumping 200 gallons
per minute. Wells at Gay and Federal Streets, 315 and 400 feet deep,
eaeh yielded between 25 and 30 gallons per minute.

A well on Brehms Lane east of Belair Road, was sunk to a depth of
1500 feet without eneountering a satisfaetory supply, although about 13
gallons per minute were struek between 700 and 800 feet. A well at
Gay Street and Lafayette Avenue, 286 feet deep, furnishes 15 gallons
per minute of ferruginous water. At the eorner of Gay Street and
North Avenue, a 300-foot well was reported as yielding 120 gallons per
minute.

Several wells in the vieinity of Gay Street and North Avenue yield
small amounts of water, and it would appear that the ehanees of obtain-
-ing small supplies at depths around 300 feet are fairly good in this
immediate vieinity. The Evergreen Lawn Improvement Association on
Hamilton Avenue near Harford Road have three 6-ineh wells, One 240
feet deep struek 36 gallons per minute at 80 feet and probably tapped a
nearby vertical fault plane containing water. Another well was sunk
to a depth of 475 feet without eneountering any water, and a third 654
feet deep yielded over 100 gallons per minute. The number of wells in
the northwestern section of the city is small and the prospeets are simi-
larly uneertain.

The Roland Park Company put down a number of wells and obtained
large amounts of water from depths between 148 and 227 feet. One
well at Mount Washington was entirely dry and the other wells in the

vieinity are all shallow and probably obtain small amounts of water
from the loose materials above the erystalline rocks. The West Arling-
ton Improvement Assoeiation have two 197-foot wells in whieh the
water rises to within 30 feet of the surfaee and the yield is reported as
large.
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Sueeessful wells have been drilled at Melvale and along Park Heights
Avenue, but no definite water horizon ean be predieted. The Garrett
well on Charles Street near University Parkway yields 70 gallons per min-
ute from a depth of 342 feet, the water heading 50 feet below the surfaee.
A 190-foot well at Electrie Park furnishes 75 gallons per minute, and two
wells at Denmore Park 106 and 140 feet deep yield 50 and 20 gallons
respeetively.

But few wells have been drilled in the western section of the city and
the results are very irregular. The abbatoir well at Calverton furnishes
60 gallons per minute from an unknown depth. The Ameriean Iee
Company have several wells; one at Sehroeder and Baltimore Streets
was sunk to a depth of 1017 feet. It furnished 20 gallons per minute.
This eompany has two other wells at Franklin and Pulaski Streets whieh
are 200 and 242 feet deep. At 200 feet water was struek whieh headed
15 feet below the surfaee. The yield was 40 gallons per minute from one
well and 60 gallons from the other. The Baltimore Refrigerating &
Heating Company at 426 S. Eutaw Street have a 304-foot well whieh
produeed 25 gallons per minute, but the water is so bad that the well is
not used.

There are a eonsiderable number of wells at Claremont. All of these
yield greater or less amounts of water. The water from the 48-foot well
at the Claremont Abbatoir was unsanitary and is not used. An 82%-foot
well at this plant yields 70 gallons per minute. The Davison Chemieal
Company have two wells at Claremont 1014 and 1393 feet deep. They
are reported as eaeh furnishing 75 gallons per minute.

The Greenwald Paeking Company have two wells at Claremont each
196 feet deep. One is reported to yield 130 gallons per minute and the
other 12 gallons. The Globe Brewing Company at Hanover and
Conway Streetsdrovea 197-foot well whieh yields 10 gallons per minute,
and the Hannis Distilling Company, Ostend and Warner Streets,
an 800-foot well that yields 20 gallons per minute from a depth of 200
feet. Wells on the I'rederiek Road near Mount Olivet Cemetery and at
Mount Winans report small yields from between 238 and 360 feet. At
Levy’s Hat Faetory, Pratt and Lombard Streets, a 525-foot well fur-
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nishes 130 gallons per minute, the water heading 37 feet below the
surface.

It would appear that the ehanees of striking water within 300 feet
of the surfaee in the western seetion of the eity are good, but that the
amount is an entirely uneertain quantity.




THE SOILS OF BALTIMORE COUNTY

BY
WM. T. CARTER, Jr., J. M. SNYDER anp O. C. BRUCE

INTRODUCTORY

A considerable proportion of the population of the eounty is eomprised
in small villages or represents the suburban homes of people engaged in
business in Baltimore City. This proportion has inereased rapidly
within the last decade. Aside from these the population is elassed as
rural and the principal industry is agriculture as it has always been
since the county was erceted in 1659.

Tobaeeo was the prineipal erop for many years and large shipments
were made to Europe from Elkridge and Baltimore during the Colonial
period. Considerable wheat was grown as early as the latter part of the
eighteenth eentury and ground into flour at water mills. Early in the
nineteenth century eorn, wheat, and hay had largely taken the plaee of
tobaeco. DBeef eattle, horses, and other stoek were raised in a small way
at an early date.

Improvement in farm lands has been most pronouneed in the last 50
years. Sinee the Civil War more attention has been given to building
up the soils and in the last 25 or 30 years most of the farms have gradu-
ally inereased in produetiveness through eareful erop rotation, the use
of lime and commereial fertilizers, the keeping of more cattle and other
stoek, and the plowing under of organie matter.

Acecording to the eensus, there werc 39,433 aercs in eorn in 1879,
produeing 1,204,698 bushels. There were 28,629 acres in wheat,
produeing 393,402 bushels. Oats oceupied 16,264 acres and produeed
314,060 bushels. Hay was eut fromn 37,772 acres and produeed 41,032
tons. From 4,990 acres of rye a total of 49,821 bushels was obtained.
Market-garden produets were valued at $533,197 and orechard produets
at $101,808.
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Slightly smaller acreages of corn and wheat were grown in 1889
than in 1879, but yields per acre were somewhat higher. Hay was
cut from 51,126 acres, producing 68,855 tons, and 6,863 acres of rye
were grown, producing 75,936 bushels. There were 3,775 acres in
potatoes, with a production of 296,960 bushels. The value of market-
garden products, including small fruits, sold was $232,231.

The census of 1900 shows some increase in the corn acreage, this
crop being grown on 38,447 acres and producing 1,530,990 bushels,
while wheat was grown on 36,486 acres and produced 536,290 bushels.
Rye had been reduced to 3,953 acres and oats to 5,785 acres. Clover
was cut from 6,863 acres, with a production of 7,164 tons. Over
41,000 acres of tame grasses were cut for hay, producing nearly 44,000
tons. From 4,549 acres of potatoes 356,256 bushels were gathered.
The vegetables reported grown in 1899 were valued at more than
$900,000. A total of 479 acres of strawberries produced over 1,000,000
quarts, and there were over 100 acres of other berries. Orchard prod-
ucts were valued at $142,838. Animals sold or slaughtered brought
$311,436, dairy products over $300,000, and poultry $161,219.

The present varied agriculture has been carried on for many years.
It consists in the production of general farm crops for sale and for
home use, dairy farming, market gardening, and the feeding of beef
cattle, with hog raising and fruit growing as side issues. Combinations
of these types of agriculture are often followed. Many farmers engaged
in general farming grow some vegetables and fruit, while some market
gardeners grow corn for work stock. Some farmers combine general
farming and dairy farming, and the feeding of beef cattle is always
carried on in combination with general farming,

Hay is grown on a larger acreage than any other crop. The census
of 1920 reports 49,989 acres in tame hay, producing 70,026 tons, and
246 acres of wild grasses cut. A large part of the hay is used onthe
farm, but some is sold in Baltimore.

Corn is the second crop in acreage and importance and is grown
on practically every farm. According to the census, 34,917 acres
were grown in 1920, with a production of 1,955,322 bushels. A con-
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siderable acreage is cut for ensilage. The greater part of the corn
produced is used on the farms for feeding work stock and dairy stock
and fattening steers and hogs. The remainder is sold in Baltimore.

The third crop in importance is wheat. A total of 31,956 acres
were devoted to wheat in 1919, producing 628,924 bushels. Much
wheat is used locally, but the greater part is shipped from the county,
most of it to Baltimore, from which point it is sent to other markets.

Oats and rye are grown to some extent. The oat crop is rather un-
certain owing to occasional dry springs or other unfavorable climatic
conditions, but fair yields are often obtained. In 1919, 5,733 acres
were in oats, producing 121,508 bushels. Rye was grown on 1,195
acres, producing 15,117 bushels. These crops are also valuable for
spring pasturage.

Dairying is a very important industry. Some farmers specialize
in the production of milk, and many general farmers, especially near the
railroads, produce some milk for market. The census reports over
$1,450,000 worth of dairy products in 1920, including the amount
used in the home. Dairy herds ordinarily range from 10 to 20 cows,
but some dairies have over 100 cows. Holstein, Guernsey, and Jerscy
and grades of these breeds predominate. Nearly all of the milk is sold
in Baltimore, but a part is taken by small local creameries for the
manufacture of butter. Numerous farms are equipped with silos.

Many steers are shipped into the county from Virginia and other
near-by Southern States and some from as far west as Chicago. These
are brought in late in the fall and sold in lots of 5 to 50 to
farmers, who feed and graze them several months and ship them when
fattened to Baltimore and other cities. Some farmers use ensilage as
part of the ration. The steers are grazed in mild weather and heavily
fed on corn, fodder, and hay during the winter, with occasionally some
cottonseed products. In 1909 there were 8,854 calves and 4,336 other
cattle sold or slaughtered in Baltimore County.

The census reports 20,573 hogs sold or slaughtered in 1909. Prac-
tically every farm has a few hogs, but on none of the farms is the number
large. The value of the poultry and eggs produced is given as $919,095
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for 1920. Every farm produces some poultry and eggs, and these are
sold largely in Baltimore.

Near Baltimorec market gardening is by far the most important
branch of agriculture, and market gardening either exclusively, or in
conjunction with general farming, predominates throughout a con-
siderable portion of the southern half of the county. Irish potatoes
are an important crop, being grown in all parts of the county in arcas
up to scveral acres in connection with either general farming or market
gardening. Berries and fruits are grown in a small way on many
farms. The census reports the value of vegetables produced in 1920 as
$3,156,780. Irish potatoes were grown on 5,981 acrcs, producing
568,273 bushecls. These are mainly late potatoes of the McCormick
varicty. Other vegetables were grown on about 14,000 acres. Fruits
and nuts produced were valued at $362,267. Strawberries were grown
on 224 acres, producing 368,537 quarts, and over 50 acres of other
berries were grown.  Baltimore affords an excellent market for all these
products. The chief canning products are tomatocs, sugar corn, pcas,
and beans, and the canning industry is very important in and around
Baltimore.

There are no large commercial orchards, but ncarly every farmer and
market gardener has a small orchard of apples, pears, pcaches, plums,
cherries, or quinces, from which fruit is sold in Baltimore. The principal
varieties of apples are York Imperial, Stayman Winesap, Grimecs
Golden, and Ben Dayvis.

The value of all the agricultural products of Baltimore County
and City in 1919 was $12,491,337. Cereals produced werc valued
at $4,959,821, hay and forage at $1,556,660.

The farmers of Baltimore County have learned in a fairly definite
way the crop adaptations of the various soils. They realize that the
heavier soils are best suited to grass and small grain, the loam types
to corn and wheat, and the lighter soils to vegetables. They recog-
nize that the Montalto clay loam and the Chester, Louisa, Hagerstown,
and Mecklenburg loams are good soils for corn, wheat, and grass;
and that the Iredell and Conowingo silt loams are better suitcd to grass




MARYLAND GEOLOGICAL SURVEY 309

and wheat or other small grains than to eorn or other erops. The
Manor loam, while eonsidered best suited for potatoes, vegetables, and
fruit, is also known to be a fairly good soil for eorn where well fertilized,
but is often too light for high yields of wheat and grass. It is well
known that the Sassafras sandy loam and gravelly loam are better
suited to vegetables then to other crops, and that the Sassafras loam and
silt loam are well suited to vegetables and eorn and fairly well suited to
wheat. The Leonardtown silt loam is best suited to grass and wheat;
the Leonardtown loam to grass, wheat, and eorn; and the Keyport silt
loam to grass and vegetables. The farmers reeognize the inherent
adaptation of the Congaree silt loam to eorn, but they understand that
under present eonditions of drainage it is better suited to pasturage
than to eultivated erops. In the vieinity of Baltimore City, and as far
as the county lines on both sides, the soils are used to a great extent for
vegetables, though better suited to other erops. The proximity of the
good eity market is the determining faetor and the soils are fertilized
and manured heavily to overcome as far as possible the deficieney in
adaptation.

In growing eorn the land is plowed generally in the spring to a depth
of 6 or 8 inches and harrowed until a good seed bed is worked up. Corn
is eultivated three or four times. Wheat is drilled in on the eorn land
in the fall without plowing, the land being harrowed to remove the
trash. Frequently wheat is grown two years in suceession. In this
ease the stubble land is plowed as soon as possible after harvest, dragged,
and then harrowed several times before seeding. Timothy is drilled
in with the wheat where wheat is not to follow the next year, and the
following spring elover is sowed in the wheat and grass. After the
wheat is harvested the timothy and elover are eut for hay the following
yvear and pastured to some extent. The timothy is pastured or eut for
hay for another year, when the land is again plowed for eorn. The
usual rotation is eorn one year, wheat two years, and grass two years,
but this is sometimes varied in the time devoted to wheat and grass.

The farm buildings are generally substantial, and the houses are
often of stone. The barns are large, and usually of the “bank-barn”
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type. They have accommodations for a considerable number of stock
and a large amount of hay and grain. The work stock is mainly of
rather heavy draft type, and the farm machinery is adequate and of
improved types. Traveling thrashing outfits serve the farmers.

In 1909 nearly 80 per cent of the farmers used fertilizers, at an average
expenditure of $115.20. Fertilizer is used principally for wheat, corn,
and vegetables. As a rule that used for wheat and corn contains 8 or
10 per cent of phosphoric acid and sometimes a very low amount of
nitrogen, usually not over 2 per cent. Until the last year or two many
of the fertilizers contained a small amount of potash. Recently con-
siderable ground phosphate rock containing 14 or 16 per cent of phos-
phoric acid has been used. Ordinarily 300 to 500 pounds per acre is
used for wheat and somewhat less for corn. Many farmers do not
fertilize the land for corn. Large amounts of high-grade mixtures
are used by market gardeners. Most of the farmers lime their land
and the practice is considered beneficial. Lime is frequently applied
to land to be used for wheat and sometimes to corn land. The general
impression prevails that quicklime is the best form of lime to buy.
The applications range from 20 to 35 bushels per acre every 5 or 6 years.
Hydrated lime is more conveniently applied. Used in this form from
600 to 1,000 pounds per acre is applied.

Barnyard manure is considered very valuable and is used by all
farmers, though often not enough is available except on dairy farms.
Manure is applied to grass land and corn land. All the manure in
Baltimore is bought and used by market gardeners, and garbage from
that city is also used in large quantities.

Owing to the demands of the numerous commercial industries farm
labor is very scarce in Baltimore County. Much of the farm labor
iscolored. Wages vary greatly according to the season and the necessity
for harvesting. Market gardeners employ considerable labor and
have to pay high wages.

The farms range from a few acres to 200 or 300 acres. Most of them
contain from 80 to 150 acres. Market-garden farms range ordinarily
from 10 to 50 acres. The census for 1910 gives the average size of farms
as 78.1 acres, only about 10 acres less than in 1880.
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About 75 per eent of the farms are operated by owners, 20.6 per cent
by tenants, and 4.5 per eent by managers. Tenants usually remain
on the same farm for a number of years. A share of the erops, approxi-
mately one-half, is usually paid as rental, the land-owner furnishing
part of the seed and fertilizer. The eensus of 1910 reports 4,178 farms
in the county. The improved land averages 55.2 acres per farm.

In 1910 the value of all property per farm was $9,883, of which the
land represented 57.9 per cent, buildings 30.6 per cent, implements 4.1
per cent, and domestic animals 7.5 per cent.

The price of land in Baltimore County varies widely. Within a
‘zone of 8 or 10 miles from Baltimore City it varies aceording to the
distance from that eity. In the rest of the county the price depends
largely on location with respect to railroads and State highways.

Soin TyYPEs

Baltimore County lies prineipally within the eastern division of the
Piedmont Plateau, the physiographic province just east of the Blue
Ridge. The southeastern one-fifth, approximately, lies within the
Coastal Plain. The boundary between these provinees is fairly well
marked, though small isolated areas of each provinee are included in
the other. Thus, near the general boundary some high areas of Pied-
mont material are capped by small bodies of Coastal Plain material,
while low slopes of Piedmont material have been exposed by erosion
within the Coastal Plain section. The general boundary reaches in a
general southwesterly direetion from the Harford County line near
Franklinville, passing just south of Towson and through the northwest
corner of Baltimore City and leaving the county near Relay. A eon-
siderable body of isolated Coastal Plain material lies around Catonsville.
In places the Coastal Plain deposits extend 10 or 12 miles from the coast.

There arc three general groups of soils: Residual soils, formed in
place through the disintegration and weathering of the underlying rocks;
soils of the Coastal Plain, formed by the weathering of unconsolidated
sedimentary deposits which were laid down on the floor of a former
ocean; and alluvial soils, which represent recent water-deposited sedi-
ments along streams.
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The Piedmont Plateau in Baltimore County is made up principally
of igneous and metamorphic roeks, but small areas are composed of
consolidated sedimentary deposits. The igneous and metamorphie
roeks are mainly granite, gneiss, schist, gabbro, serpentine, and diabase.
They have weathered into a relatively deep aceumulation of soil. The
consolidated and sedimentary roeks eonsist of limestone (Cockeysville
marble) and quartzite (Setters quartzite). The limestone has weathered
deeply in places. It underlies the soils in a number of small valleys in
the central part of the county. These valleys are usually more than 100
feet below the tops of the steep Picdmont slopes adjoining. The quart-
zite occurs on narrow ridges, frequently as high as those of the igneous
and metamorphic rocks and often bordering the limestone valleys.

The Coastal Plain material in the southern and southeastern parts
of the eounty consists of interbedded uneonsolidated sand, gravel,
and elay. This material has been brought down in former ages from
the Appalachian, Piedmont, and limestone-valley regions through
the agency of rivers. It has been washed and reworked by the sea
and deposited over the crystalline rocks.

The alluvial soils eonsist of silt, and sand, and elay washed from the
uplands and deposited in narrow strips along streams, forming bottom
lands through all parts of the county. The alluvial soils are not
extensive.

The upland soils represent the long-continued weathering of the
bedroek formations and old sedimentary deposits. They show some
relationship to the parent materials, and differ aecording to original

differences in the lithologic and chemical character of the rocks.
The soils are grouped into series on the basis of difference in color,

origin, and structure, and classed in types according to texture. The
soils of the Piedmont Plateau derived from the igneous and metamorphic
roeks are grouped in the Chester, Manor, Louisa, Montalto, Mecklen-
burg, Iredell, and Conowingo series. Those derived from the consoli-
dated sedimentary rocks (limestone) are placed in the Hagerstown
series. The sedimentary materials of the Coastal Plain have produced
the soils of the Sassafras, Leonardtown, Susquehanna, Keyport, and
Elkton series. The alluvial soils are mainly of the Congarce series.
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The Chester series has brown to yellowish soils and yellow to yellowish-
brown subsoils. This series covers the greater part of the northern half
of the county. Where it is derived from granite and gneiss the subsoil
is heavy on the gently rolling areas and gritty and friable on the slopes,
but the lower subsoil is very friable in the areas derived from schist,
owing to the admixture of fincly divided miea.

The Manor serics has brown to yellowish surface soils with light-red
to reddish-yellow or brown subsoils. The material is characteristically
micaceous, especially in the subsoil, and when moist the subsoil has
a greagy, slick feel. This series is derived from schist and to some extent
from gneiss. .

The Louisa series has brown to red surface soils, with red to brownish-
red subsoils, usually somewhat micaceous. These soils resemble the
Chester on the surface, and are somewhat similar to the Manor in the
subsoil, though containing less mica. They are derived from schists.

The Montalto series ineludes types with brown to reddish-brown
surface soils and red to brownish-red subsoils. The one type mapped,
the elay loam, is derived principally from gabbro and to a slight extent
from diabase.

The soils of the Mecklenburg series are brown and the subsoils
yellowish brown to reddish yellow, with a characteristie greenish tinge,
especially in the lower subsoil. These soils arc derived from the wea-
thering of gabbro and occasionally serpentine.

The Iredell series comprises light-brown or dark gray surface soils,
with yellow, yellowish-brown, or brown subsoils. The lower subsoils
arc characteristically waxy and plastic and have a greenish tinge.
These soils arc derived from the weathering of gabbro and diorite.

The Conowingo series has gray to pale-yellow surface soils, with
yellow or brownish, heavy subsoils. A pronounced greenish tinge
is eharacteristic in the lower subsoil. The Conowingo soils are derived
from the weathering of serpentine.

The Hagerstown series ineludes brown to reddish-brown soils, with
reddish-yellow to reddish-brown or dull-red subsoils. The one type
mapped, the loam, is derived from the Cockeysville marble, a phlogopitic
limestone.
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The soils of the Sassafras series are brown to yellowish brown, with
yellowish-brown to brownish-yellow or reddish-brown, friable subsoils.
This series is derived from highly weather Coastal Plains deposits.

The Leonardtown series comprises light-brown to grayish or pale-
yellow surface soils, and yellow to mottled yellow and gray subsoils
that are characteristically compact in the lower part of the 3-foot section.
These soils consist of Coastal Plain deposits that are less weathered
and less aerated than those forming the Sassafras series.

The Susquehanna series represents soils light brown to yellow in
color, underlain by heavy, plastie, mottled red or pink and gray clay
subsoils.

The Keyport series consist of soils on low, smooth terraces. They
are derived from Coastal Plain material, and are probably estuarine
sediments. The surface soils are light brown or gray to pale yellow.
The upper subsoils are yellow and the lower subsoil mottled yellow
and gray. Owing to the comparatively smooth topography, the
lower subsoil is imperfectly oxidized. In small areas on this terrace
where the topography is such that drainage is good and oxidation has
progressed deeply, small areas of the Sassafras soils appear. In the
low, wet, basinlike areas of this terrace the Elkton series is developed.
The Elkton soils are characteristically gray to whitish and are underlain
by gray or mottled gray and yellow subsoils which are more or less
impervious. It will be seen that on these low coast terraces there is
a close relationship between the Sassafras, Keyport, and Elkton soils,
The Sassafras, represent the better drained and more highly oxidized
material, while the Elkton are the least advanced in drainage, acration.
and oxidation. The Keyport series represents a transition of the Elkton
into the Sassafras and lies between them in age and development.

The Congaree soils are brown, with brown to yellowish-brown subsoils.
The lower subsoils arc sometimes grayish or mottled. The Congaree
soils represent stream-bottom lands that have been built up from soil
sediments washed from areas of the crystalline rocks of the Piedmont
Platecau. The one type mapped in Baltimore County has been formed
in places in the central part of the county from sediment washed from
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the limestone soils. In the southeastern part of the county it is also
derived in places from sediments washed from Coastal Plain material.

Tidal marsh has been formed by the deposition of very fine sediments
from the waters of the cstuaries of the Chesapeake Bay. This material
has been laid down along strcams emptying into the bay or deposited
from backwater due to tidal movements.

In the following pages the various soils are described in detail.
The following table gives the name and the actual and relative extent
of each for the County and outlying portions of Baltimore City.

AREAS OF DIFFERENT SOILS

Soil Acres g‘:'t Soil Acres 5;&
Chester loam.............. 116,672 26.7|| Chester stony loam..... 9,856] 2.3
Manor loam............... 97,024 22.5|| Sassafras silt loam...... 8,960 2.1
Hagerstown loam......... 26,880 6.2|| Iredell silt loam......... 7,360 1.7
Sassafras loam............ 25,856/ 6.0{| Manor stony loam....... 7,232 1.7
Congaree silt loam........ 20,288/ 4.7|| Conowingo silt loam.... 4,160} 15
Leonardtown silt loam....| 17,024 4.0 Shallow phase......... 2,240
Montalto clay loam....... 14,016 3.3|| Sassafras gravelly loam.| 5,504/ 1.3
Mecklenburg loam........ 13,056 3.0|| Susquehanna silt loam..| 4,160/ 1.0
Leonardtown loam........ 12,928/ 3.0i| Tidal marsh............. 2,752 0.6
Sassafras sandy loam...... 13,952| 3.2[| Louisa loam............. 1,792 0.4
Unclassified city land..... 10,816{ 2.5|| Elkton silt loam........ 1,024/ 0.2
Keyport silt loam......... 10,368 2.4/
Total.... ...l .. 433,920|.....

CHESTER STONY LOAM

The surface soil of the Chester stony loam is a brown or yellow loam
8 inches deep. In timbered areas the surface 2 or 3 inches is brown,
but below this the color is yellow. The subsoil to 36 inches is a yellow
or yellowish-brown loam or clay loam, somewhat micaceous and having
a slick greasy feel in the lower part. Numerous fragments of schist
ranging up to several inches in diameter are scattered over the surface
and through the subsoil. Considerable of the type is underlain by
more or less weathered bedrock at less than 3 feet and outerops of the
rock sometimes occur.

This is not a very extensive or important soil type. It occurs in




316 THE SoiLs oF BaLTiMORE COUNTY

a number of narrow strips on steep valley slopes in the northern part of
the eounty, along Gunpowder Falls, Little Falls and some of their
tributaries. Small arcas along these streams near Spook Hill are so
rough as to warrant the elassifieation of Rough stony land, but owing
to their small size they are included with the Chester stony loam.
Several small patehes or strips of the type are mapped in the eentral
part of the eounty, oceupying ridges composed of Setters quartzite.
One of these lies just north of Butler.

The topography of the Chester stony loam is rather steep and oeea-
sionally rough. The drainage is rapid, and if eleared the soil is likely
to erode badly. Probably less than 40 per eent of the type is in cultiva-
tion. The forest growth consisted largely of chestnut, white oak, red
oak, and hickory. Where cultivated the type is farmed in eonjunetion
with the Chester loam, with whieh it is elosely assoeiated. It is practi-
cally the same type as the Chester loam, exeept for its stoniness and
steeper topography. 1t is, of eourse, handled with more difficulty than
the loam, and is likely to suffer from erosion. It is farmed, fertilized,
and managed in the same way as the Chester loam, but lower yields
are obtained. The inelusion of this soil in farms tends to lower the
selling priee.

The Chester stony loam is probably best suited to pasturage purposes
and forestry. If eleared it should be used for grazing. Grass and elover
grow well on the soil.

CHESTER LOAM

The surface soil of the Chester loam is a grayish-brown, brown, or
yellowish-brown friable loam, 6 or 8 inches deep. In timbered areas
where the soil remains in its virgin eondition the surface soil is yellow
or brownish yellow, and takes on the brown eolor under cultivation
through the admixture of organic matter. The surface soil is often
relatively high in silt. The subsoil to depths ranging from 18 to 24
inehes is a yellow to brownish-yellow or yellowish-brown friable elay
loam, frequently econtaining a small but noticeable admixture of finely
divided mica partieles, the proportion inereasing with depth until at
18 to 24 inehes the material is a friable mieaceous loam. The lower
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part of the subsoil is oceasionally a mass of finely divided mica. Asa
rule the micaceous material is nearest the surface on the slopes, and it
may not occur within the 3-foot section on the wider ridges. The
Chester loam has weathered to depths of several feet, but throughout
the soil and subsoil there are fragments of partially weathered gneiss
and schist and many small irregular fragments of quartz. These rocks
rarely oceur in quantities sufficient to interfere with cultivation.

In the northern part of the county the soil is derived from a smooth
schist and the subsoil has a rather slick feel, due to finely divided miea.
Where derived from gneiss, as in the vieinity of Glencoe, the subsoil is
a loose, gritty loam containing little mica. Narrow beds of quartzite
are closely associated with the gneiss and sehist roeks. The soil derived
in part from this roek is very similar in color and texture to that derived
entirely from gneiss, and as the areas are small they are ineluded with
the Chester loam. In such places there are sometimes considerable
fragments of quartzite on the surfaece and in the soil and subsoil. The
stony areas, unless mapped as Chester stony loam, are shown by stone
symbols. Small bodies of Louisa loam and Manor loam too small to
map also oceur throughout the areas of Chester loam. About 2 miles
southwest of Shawan in the west-central part of the county an area of
more than 1 square mile of Chester silt loam is included with the Chester
loam.

In the western and central parts of the county there are several
good-sized areas in which the underlying parent rocks are Baltimore
gneiss and granite. These oceur prineipally 1 mile south of Warren,
1 mile south of Glenarm, between Baltimore and Towson, just north
of Pikesville, around Granite, and 3 miles southwest of Catonsville.
Here the soil differs materially in strueture and texture from that derived
from sechist. It consists of a friable, brown loam about 8 inches deep,
underlain by a yellow or yellowish-brown clay loam to elay. On the
steeper slopes much of this part of the type is underlain by a subsoil
of yellowish or brownish gritty loam. A number of small areas of
Ceeil loam oceur throughout this part of the type.

The Chester loam is tlie most extensive type mapped. It occurs in
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large areas and many small ones throughout the northern, central,
and western parts of the eountry. The surface is gently rolling to
hilly, but practically none of the type is too steep for cultivation. The
greater part of it lies from 300 to 800 feet above sea level. Drainage is
everywhere thorough. The subsoil is permeable but heavy enough to
retain moisture well, and crops are earried over eonsiderable periods of
light rainfall with little injury from drought. Care is necessary to
prevent erosion on some of the steeper slopes.

The Chester loam is one of the most important soils in Baltimore
County. Probably 85 to 90 per cent of it is in cultivation or in pasture.
Many small areas support a forest of white oak, red oak, hickory,
occasional pine, and other trees.

The leading crops are corn, wheat, and hay. In certain sections
oats, rye, and buckwheat are grown in small acreages. Wheat is the
chief money crop, corn and hay largely being used to feed work stock,
dairy eattle, beef eattle, and hogs. A surplus is sold in Baltimore.
Considerable dairying is carried on. Potatoes, eabbage, and other
vegetables are grown for market. There are no large eommereial
orehards, but every farm has a small orehard of apples, pears, cherries,
plums, and sometimes peaches, from which some fruit is sold in the
Baltimore markets.

Corn yields range from 30 to 80 bushels per acre, wheat 15 to 30
bushels, and hay 1 to 1} tons. These yields are sometimes exceeded
in favorable scasons on some of the better farms. Irish potatoes yield
100 to 200 bushels, rye 12 to 20 bushels, oats 30 to 60 bushels, and
buekwheat 20 to 40 bushels per aere.

The Chester loam is friable and easily tilled where properly culti-
vated, and does not elod or bake to a great extent on drying, espeeially
where a fair supply of organie matter is maintained. Most farmers
employ good methods of cultivation and fertilization, and the soil is
very responsive. Systematic erop rotation is practiced.

All the wheat is fertilized, as well as much of the corn. Potatoes
are fertilized heavily. In general, the fertilizers contain 8 to 10 per
cent phosphorie acid, 1 to 2 per eent nitrogen, and 1 to 2 per cent potash.
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Wheat and corn receive 300 to 500 pounds per acre. Most of the farmers
on this type use lime. Where quicklime is used the applications range
from 1,600 to 3,000 pounds per acre. Where hydrated lime is used the
applications arc considerably lighter but are made more frequently.
Large amounts of stable manure are used on corn land. As a rule the
farms are most productive where large quantities of manure are used,
and these are usually farms where dairying or steer fecding is carried on.

The Chester loam is very productive if cultivated and fertilized
properly, but if neglected it soon deteriorates. It should be limed
every few years and a good supply of organic matter should always be
maintained. Growing leguminous crops, such as clovers, alfalfa, and
cowpeas is very beneficial. The organic-matter supply can be main-
tained by plowing under weeds and crop residues and green-manure
crops, and this together with the use of barnyard manure and the grow-
ing of legumes should furnish sufficient nitrogen for most crops.

There are a considerable number of fields of alfalfa on this type.
Many farmers have grown this crop with profit and the acreage devoted
to it is apparently increasing. There seems to be no reason why alfalfa
should not become a very important crop if the soil is properly prepared,
inoculated, and manured or fertilized. The soil also scems well suited
to oats, but climatic conditions arc not in every way favorable. The
Chester loam is apparently a very good fruit soil. Orchards are thrifty
and productive, where cared for, and the growing of fruit on a commer-
cial scale would probably be successful. The apples grown are chiefly
York Imperial and Stayman Winesap. The type also produces fine
grapes, small fruits, and berries.

MANOR STONY LOAM

The surface soil of the Manor stony loam is a yellow or yellowish-
brown loam about 8 inches deep. In cultivated fields the color has
been changed to brown by the incorporation of organic matter. The
subsoil to 36 inches or deeper is a reddish-yellow, brown, or brownish-
yellow, friable, micaceous loam, having a slick, greasy feel duc to fine
mica particles. The amount of mica increases with depth. Scattered
over the surface and throughout the soil mass is a considerable quantity
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of schist fragments, and the bedroek, more or less weathered, eomes
near the surface or outcrops in many places.

The Manor stony loam is found in a number of small areas in the
northern part of the county. It occupies steep slopes along Gun-
powder Falls and some of its tributaries. The largest arcas lie in the
vieinity of Parkton and Whitc Hall. Some areas of rough stony land
near Parkton, White Hall, and Coekcysville, too small to map, are
ineluded with this type.

The surface of the Manor stony loam is rather steep and hilly, though
usually smooth. Where unprotected the soil erodes badly. Probably
not more than 35 per cent of the type is in cultivation, and this is usually
in small arcas forming part of fields of Manor loam. The forest growth,
eonsisting of ehestnut, white oak, red oak, poplar, and hickory, with
a few other trees, is rather heavy.

The same crops are grown as on the Manor loam, principally corn,
wheat, and grass. The soil is handled and fertilized in the same way
as that type. Yields are somewhat lower. The soil is eultivated with
difficulty, owing to its steep and stony character, and it can probably
be used to better advantage for grazing and forestry than for cultivated
€rops.

The type is very similar to the Manor loam in texturc and tilth,
and practically the same as the Chester stony loam in topography and
stoniness. It deercases the price of farms in which it is included.

MANOR LOAM

The surface soil of the Manor loam consists of a brown or grayish-
brown, friable loam, about 8 inches deep. The subsoil is a reddish-
yellow, friable, micaceous clay loam grading at 12 to 15 inches into a
micaceous loam which ranges from reddish yellow to light red or reddish
brown. In plaecs a loam texture extends from the surface soil to a
depth of 36 inches or more. Fincly divided mica is a characteristic of
the subsoil, the lower part of which is frequently a mass of this material.
The surface soil also frequently contains considerable mica. Quartz
and schist or gneiss fragments occur over the surfacc and throughout
the soil in small quantities. On the steepest slopes partially weather
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schist or gneiss may lic within a few feet of the surface or outerop.
There arc many included arcas of Chester loam and Louisa loam too
small to indicate on the map.

The Manor loam oceurs in a number of large areas throughout the
Picdmont section of the county. The largest areas oceur in the north-
eastern part around Baldwin, Jacksonville, and Unionville; in the central
part around Sparks, Gentsville, and Hereford; and in the western part
around Holbrook and Woodensburg,.

The topography is characteristically rolling and hilly. There are
numerous small valleys, many of them deeply intrenched with steep
walls, but as a rule the slopes are smooth e¢nough for cultivation.

Drainage is everywhere thorough and erosion is severe in places.
Owing to the porous nature of the subsoil and substratum the movement
of soil water is rapid, but usually there is sufficicnt clay in the subsoil
to maintain eonsiderable moisture supply. On the steeper slopes
where the miea eontent of the subsoil is greatest the soil mass is more
porous and permeable than in the areas of more gentle topography,
where as a rule there is more clay in the subsoil.

Probably 85 or 90 per cent of the Manor loam is in eultivation. In
small uncultivated arcas the native growth of white and red oak,
hickory, and some poplar still remains. Much of the best timber
has been cut.

The principal erops on this type arc corn, wheat, and hay. Relatively
unimportant areas are devoted to oats and rye. Small quantities of
orchard fruits, grapes, and berries are produced, principally for home
usc. A little fruit finds its way to the Baltimore market. Vegetables
are grown by some farmers for the same market. Dairying is carried
on in conjunction with gencral farming, the milk being shipped to
Baltimore, sold to ecrcameries, or made into butter on the farm. On
many farms beef cattle are fattencd. Hogs and poultry are raised on
all the farms and a few sheep are kept on some. The condition of a
few small ficlds of alfalfa seen during the survey indicated that the
better areas of this soil are fairly well adapted to this erop, if well
prepared, manured, and inoculated.
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Corn ordinarily yields 25 to 50 bushels per aere. The yield is some-
times mueh higher on the better farms and in especially favorable
scasons. The yield of wheat is 12 t025 bushels, and of hay 1 to 1} tons
per aere.

The Manor loam does not bake or elod badly on drying and is easily
eultivated and kept in good tilth. Practically all the farmers follow
a rotation, consisting of eorn 1 year, wheat 1 or 2 years, and timothy
and elover 2 years. Most farmers apply lime, the applieations ranging
from 1,000 to 3,000 pounds per aere. Lime is generally applied onee
in each rotation. All farmers use commercial fertilizers for wheat, at
the rate of 300 or 400 pounds per aere. Its use for eorn is less general.
Usually the mixtures are of low grade, eontaining about 8 per cent phos-
phorie acid, 1 or 2 per cent of nitrogen, and sometimes in addition 1 or
2 per cent of potash. In late years ground phosphate rock, eontaining
about 16 per cent of phosphoric aeid, has been substituted on many
farms for the treated phosphate. Barnyard manure is used for eorn, but
the supply is usually inadequate except on the dairy farms.

The Manor loam, where neglected, quickly deteriorates, but under
proper methods of farming it is produetive and ean be maintained
so. It responds quickly to applications of lime, organic matter, manure,
and eommercial fertilizers, but the results are not so lasting as on the
Chester loam.

Lime should be used on this soil once during each rotation, at the
rate of 2,000 or 3,000 pounds per acre. In conjunction with liming
organie matter should be supglied, by turning under sod, weeds, erop
residucs, or, where the supply of such materials is not sufficient, by
growing green-manure crops, such as cowpeas and crimson clover.
Certain areas, especially those steeply sloping, should be handled
carefully to prevent erosion.

LOUISA LOAM

The surfaee soil of the Louisa loam is a brown to reddish-brown, friable
loam 6 or 8 inches deep. The subsoil is a light-red, rcddish-yellow, or
reddish-brown clay loam containing some fine miea particles which give
it a greasy feel. The mica content increases with depth and in plaecs
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at 24 to 36 inches the material becomes a micaceous loam. A few small
quartz and schist fragments occur throughout the soil and subsoil.

Only a few small areas of this type are mapped. It occurs in the
west-central part of the county, a few miles north of the Green Spring
Valley and in the vicinity of Cronhardt. A small area of Cecil loam
about 1 mile east of Texas is included with this type.

The surface of the Louisa loam is gently rolling to rolling. The
type usually occupies high, broad ridges in areas of Manor loam and
Chester loam, and patches too small to map are frequently included
with those soils. Drainage is everywhere good.

Probably 80 per cent of the soil is cultivated, the remainder being
covered with white oak, red oak, tulip poplar, hickory, and other
trees. The principal crops are corn, wheat, and hay (timothy and
clover). The type is farmed in the same way as the Chester loam, and
yields are about the same. It is quite productive if limed and well
manured. Some commercial fertilizers are successfully used for wheat
and corn. Vegetables, fruits, and berries do well.

MECKLENBURG LOAM

The surface soil of the Mecklenburg loam is a brown, friable loam
about 8 inches deep. The subsoil to 36 inches in a brownish-yellow
or reddish-yecllow to yellowish-brown, friable clay loam or loam. The
lower subsoil is quite friable owing to the admixture of coarse fragments
of disintegrated rock. The subsoil usually has a characteristic greenish
tinge. On some steep slopes the parent rock (gabbro or serpentine)
may come within 1 or 2 feet of the surface. A few small fragments of
the rock sometimes occur throughout the soil mass.

Stone symbols are used on a few small areas to represent the Meccklen-
burg stony loam. These lie in the extreme southern part of the county
along the steep slopes of the Patapsco River, and in places are so steep
and stony as to constitute Rough stony land. Only small patches of
the Mecklenburg stony loam are included in fields, and it can not be
cultivated except with great difficulty and then only after the removal
of some of the stones.
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The Meeklenburg loam is not a very extensive type. It oeecurs in
several areas a square mile or more in size in the southwestern part of
the county and within a few miles of Baltimore. An important area
oeeurs just north of Mount Washington, and another just south of
Powhatan. A small area oeeurs in the eastern part of the county near
Fork.

The surface is gently rolling to very rolling, with some rather steep
slopes. The type often lies on the steep slopes of areas of gabbro where
the higher surfaees eonsist of Montalto elay loam and Iredell silt loam.
On some of the steeper and unproteeted slopes erosion may be severe.
The type has good underdrainage.

The native growth on this soil is tulip poplar, white oak, and
red oak, with some beeeh along the lower slopes. Perhaps 75 per eent
of the type is eultivated. The prineipal erops are corn, wheat, and
hay. Some potatoes, tomatoes, and other vegetables are grown for
market. There are some small orchards of apples, pears, and small
fruits and patehes of berries. These fruits seem well suited to the type.
The same general farming methods are used as on the Chester loam.
Where the soil is properly handled and fertilized it gives good returns.
Corn yields from 25 to 65 bushels per aecre, wheat 15 to 30 bushels, and
hay 1 to 1} tons.

This soil requires some liming and is greatly improved by the use
of barnyard manure and by plowing under vegetation.

Most of this type lies near Baltimore, and its selling priee is enhaneed
by its value for suburban residence.

In the table below are given the results of meehanieal analyses of
samples of the soil and subsoil of the Mecklenburg loam:

MECHANICAL ANALYSES OF MECKLENBURG LOAM

|
Fine I Coarse | Medium Fine Very fine

gravel sand sand sand sand Silt Clay

Number | Description

per cent per cent per cent per cent per cent per cenl | per cent

201242 | Soil 3.5 3.8 3.5 18.0 20.7 40.0 10.2
201243 | Subsoil 9 2.2 1.8 26.7 22.1 26.5 18.8
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IREDELL SILT LOAM

The surfaee soil of the Iredell silt loam is a light-brown to yellowish-
brown, smooth silt loam, 8 or 10 inches deep. The immediate surface
dries out to a light-gray eolor. The upper subsoil begins as a yellow
silty elay loam, in many areas slightly mottled with gray. At a depth
of 16 or 18 inehes it abruptly passes into a heavy, waxy, plastic elay of a
yellow to brown eolor with a slight greenish tinge. Soft, partially
weathered diorite, gabbro, or serpentine roek is usually encountered at
24 to 36 inches below the surface. Some dark iron econeretions are
oeeasionally found on the surfaee or mixed with the soils.

The Iredell silt loam oeceurs in several areas in the southern part
of the county a few miles west of Baltimore. The largest are around
Hebbville, Ralston, Howard Park, and Arlington. The soil is loeally
ealled “white land.”

Most of the area of the Iredell silt loam is undulating to gently
rolling, and only in a few plaees does it oeeupy moderately steep slopes.
Surface drainage is fairly good, but owing to the compaetness of the
lower subsoil the underdrainage is not thorough. Where the surfaee
is nearly level water stands and the soil beeomes “‘eold” and sour.

Probably 80 per eent of the type is in eultivation, the remainder being
in the native forest growth of white oak, blaek oak, red oak, poplar,
eedar, and hickory. The prineipal erops grown are eorn, wheat, and
hay. As mueh of the soil lies within a few miles of Baltimore it is used
to an important extent for market gardening. Potatoes, eabbage, toma-
toes, sugar corn, beans, peas, turnips, beets, and other vegetables are
grown. There are some small orehards of apples, pears, and plums, and
patehes of berries. On the better farms eorn ordinarily yields 25 to 40
bushels per aere, wheat 15 to 25 bushels, and hay 1 to 2 tons.

The Iredell silt loam bakes rather hard on drying unless cultivated
when it contains just the proper amount of moisture. Where general
farming is earried on eorn, wheat, and timothy and elover are rotated.

Commereial fertilizers are used for wheat and sometimes for eorn.
Vegetables are grown with the aid of heavy fertilization. Consider-
able barnyard manure is used, but not enough for best results. The
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Iredell silt loam is deficient in organic matter, and heavy applications

of manure and all crop residues should be incorporated with the soil.
Probably all the type is in need of lime.

The price of farms on this type is influenced largely by proximity
to the Baltimore suburbs and nearness to the city markets.

This soil seems best suited for growing hay and small grains such
as wheat. Some very good yields of timothy hay have been obtained.

The following table gives the results of mechanical analyses of sam-
ples of the soil, subsoil, and lower subsoil of the Iredell silt loam:

MECHANICAL ANALYSES OF IREDELL SILT LOAM

N Dseccistion Fine Coarse | Medium| Fine |Very fine

gravel sand sand sand sand Silt Clay

per cent | per cen-t per cent | per cent | per cent | per cent | per cent
201249 | Soil 3.2 2.5 0.6 3.2 950 68.6 | 12.5
201250 | Subsoil 2.1 1.1 .3 g 4.0 69.1 | 21.6
201251 | Lower subsoil 1.4 1.0 .3 1.9 4.0 43.0 | 48.3

CONOWINGO SILT LOAM

The surface soil of the Conowingo silt loam, loeally called ‘“white
land,” is a yellowish-brown or light-brown silt loam, 8 or 10 inches decp,
which on drying assumes at the immediate surface a light-grayish color.
In forested arcas the surface 1 or 2 inches is whitish and the rest of the
soil pale yellow. The subsoil to 18 or 24 inches is a yellow silty clay
loam, frequently slightly mottled with gray. Below this it grades into
a slightly waxy, sticky clay of yellow or brown color, tinged with green
and frequently mottled with gray. This passes, often above the depth
of 36 inches, into soft disintegratcd greenish serpentine rock. I're-
quently the material is not waxy and the subsoil, from 18 or 24 inches
consists of the disintegrated and only partially decomposed rock. In
many places the lower subsoil contains black iron concrctions. On some
slopes and in other places the parent rock comes near the surface or
outerops.

There are only a few small arcas of Conowingo silt loam in Baltimore
County. These occur in the southern part just west of Baltimore and
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between that city and Patapsco River. The largest body of the type
occurs around Belmont in a strip more than 1 mile wide and several
miles in length. A small strip lies in the eastern part of the county just
south of Fork, and a small area just south of Kingsville.

The topography of the Conowingo silt loam is undulating to gently
rolling. Surfaee drainage is fairly good, but the underdrainage is
rather poor, as the lower subsoil is somewhat compact in many places.

About 80 per cent of this type is under cultivation or used for pas-
turc. Some of the original timber growth of white oak, blackjack
oak, and hickory remains. The large proportion of the type in cul-
tivation is doubtless due to its favorable location near the Baltimore
markets. Both general farming and market gardening arc carried
on. In general farming eorn, wheat, and hay are grown. Various
vegetables are produced, together with some apples, pears, peaches,
and cherries. Sometimes the growing of general farm crops is com-
bined with vegetable produetion. On the better farms corn ordinarily
yields 25 to 40 bushels, wheat 15 to 25 bushels, and hay 1 to 3 tons per
acre. Vegetables yield fairly well.

This soil is inclined to bake on drying. Wheat and elover sometimes
suffer from the freezing of the soil. Lime is used with good results.
Commercial fertilizers are applied to wheat land and sometimes to
corn land. Fertilizers are in general use by market gardeners and
truckers. Barnyard manure is used, but an insufficient amount is
available for best results. This soil seems best suited to the production
of hay and wheat. It is deficient in organic matter and much of it is
rather cold and probably inclined to be acid. It should be heavily
limed and manured, and all vegetation and crop residues plowed under
to increase the supply of organie matter.

Conowingo sit loam, shallow phase—The Conowingo silt loam,
shallow phase, consists of 6 or 8 inches of grayish-yellow silt loam,
underlain to 18 or 20 inches by a subsoil of yellow or yellowish-brown
silty clay loam. From this depth downward more or less disintegrated
serpentine rock is frequently encountered and most of the phase has
the rock within 36 inches of the surface and in many places outerops
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occur on the steeper slopes. In some placcs a layer of yellow or reddish-
yellow, slick elay loam or clay, having a grecnish tinge, oceurs just above
the roek, at depths of 18 to 36 inehes. There are many variations in
eolor, texture, and depth of the subsoil, according to the depth of soil
covering above the roek. There is always a prevailing greenish tinge
in the lower subsoil.

This phase occurs in one body, a few square miles in extent, about 4
miles west of Green Spring Junetion, in the extreme western part of the
eounty. Its topography is rolling to gently rolling. Erosion has eut
many small valleys and gullies, exposing the underlying rock, making
the surfaee in plaees very rough and stony.

Probably less than 25 per eent of the phase is eultivated, and much
of the native timber remains, principally a thin forest of blackjack
oak with some white oak. Old fields, where the soil mantle is very
thin, have a very scant growth of broom sedge.

Small areas of this phase are devoted to corn, wheat, and hay, but
yields arc very poor. Owing to the generally unfavorable soil and
surface conditions, the land has very little agricultural valuc.

Ineluded with this phase is an area of “barrens.” This lies in the
south-central part of the county, about 3 miles north of Baltimore,
and has an extent of somewhat less than 1 squarc mile. The area is
hilly and serpentine rock outcrops frequently, being in nearly all places
less than 8 to 18 inches below the surface. There is very little soil
aceumulation at any place, but occasionally about 6 inches of brown
to reddish-brown loam overlies a reddish or yellowish elay loam or elay
which has a pronounced greenish tinge. In places the subsoil may
extend to 18 inches before the rock is encountered. The subsoil con-
tains numerous small particles of soft serpentine, which gives it a soapy
feel. The surface is rolling to hilly, with steep, croded, and gullicd
slopes. A few blackjack oaks and pines with a sparse growth of broom
sedge and some other grasscs occupy the land. It was formerly culti-
vated, but has no prescnt value, except for the rather indifferent grazing
it affords.

In the table below are given the results of mechanical analyscs of



MARYLAND GEOLOGICAL SURVEY 329

samples of the soil, subsoil, and lower subsoil of the typical Conowingo
silt loam:

MECHANICAL ANALYSES OF CONOWINGO SILT LOAM

Number Description ;‘;321 (B:gir; e M:gri:ém 5;:5’ Ve:gngne »ilt Clay

| per cent | per cent | per cent | per cent | per cent | per cent | per cent
201246 | Soil 1.1 2.2 0.8 4.2 6.7 70.7 | 13.9
201247 | Subsoil 1.6 2.5 .9 6.3 |11.6 57.6 1 19.0
201248 | Lower subsoil 5.2 3.0 1.0 | 14.8 | 16.0 33.6 | 26.0

MONTALTO CLAY LOAM

The surface soil of the Montalto elay loam, locally known as ‘red
land,” is a brown to reddish-brown eclay loam, 4 to 8 inches deep. The
subsoil to 36 inches is a dull-red to brownish-red or reddish-brown,
rather heavy, smooth clay. In some places erosion has removed the
surface soil and the elay subsoil is exposed, but these areas are too small
to map aceurately and have not been separated. Frequently the surface
soil is relatively high in silt and oeecasional small areas of true silt or
loam are included. Much of the surface is strewn with fragments of
gabbro, oceasionally several feet in diameter, and some small areas ecould
properly be elassed as a stony type. Symbols are used to indicate the
more stony areas.

The Montalto elay loam occurs in a number of good-sized areas in
the eastern and southern parts of the county. The largest body lies
around Kingsville, near which place several smaller areas also oeeur.
Arcas are mapped also a few miles west of Baltimore, and near Roek-
dale, Arlington, Sudbrook Park, Franklin, Kingsville, and North Bend.

In topography the type ranges from gently rolling to rolling and hilly.
It oecupies some very steep, high slopes adjacent to the larger streams
and is well drained. Some of the slopes where unprotected are subject
to erosion. The subsoil is quite retentive of water.

About 75 per eent of this type is in cultivation. Where it is uncleared
the original forest growth, consisting prineipally of white oak, and tulip
poplar, with some pine, cedar, hickory, and red oak, remains. Some




330 TuE SoiLs oF BaLtiMoRE CoUNTY

of the land is used for growing corn, wheat, and hay, but it is devoted
very largely to the produetion of vegetables, even at a distance of 10
or 12 miles from the eity. Potatocs, beans, peas, eabbage, tomatoes,
sugar corn, and turnips are important produects. Small orchards of
apples, pears, and other fruits are suceessful. Small fruits and berries
are grown to some extent.

Corn yields 30 to 60 bushels per acre, wheat 15 to 25 bushels, potatoes
120 to 200 bushels, and hay (timothy and clover) 1 to 2 tons. Good
yields of vegetables are obtained.

This soil is rather heavy and somewhat difficult to eultivate, but
if plowed when not too wet or too dry it may be kept in fairly good
tilth. It bakes in hard clods if plowed when wet, and these are broken
down only with diffieulty. Baking is most pronounced where the clay
subsoil comes near the surface or is exposed.

For the general farm crops the land is limed, fertilized, and handled
in about the same way as the Chester loam. The same rotation is
followed. Mueh barnyard manure is used in the produetion of eorn
and vegetables. The soil is greatly improved by growing leguminous
crops sueh as clover and by adding organie matter. The Montalto
clay loam is a strong soil, seemingly espeeially well suited to wheat and
grass. It is apparently adapted to the produetion of apples.

HTAGERSTOWN LOAM

The surfaee soil of the Hagerstown loam is a brown, usually rather
silty loam, 5 to 8 inches deep and of a reddish-brown color. The subsoil
to 36 inches is a red, reddish-brown, or reddish-yellow clay loam to
friable clay. Insome places where the parent rock contains considerable
mica the subsoil is slightly micaceous. This is also the case along the
outer margin of the type where mica has been washed down from the
higher slopes oecupied by the Manor loam. Just north of Towson there
is a thin seattering of quartz gravel over some areas of the type.

Many areas of Hagerstown clay loam too small to indicate on the
map are ineluded in the Hagerstown loam. They econsist of a red to
reddish-brown clay loam underlain by red to light-red clay. They
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oeeur on slopes and in swales. The soil is slightly more difficult to
cultivate than the loam but is used for the same erops. Several very
small areas of a soil in the Green Spring Valley just west of Lutherville
which resembles the Conowingo silt loam are also included.

The Hagerstown loam occupies a number of irregular areas in the
limestone valleys in the central part of the county. These valleys are
from one-fourth mile to 2 or 3 miles across and generally eonneeted.
The largest areas of the type eomprise the Green Spring Valley about 6
miles north of Baltimore, Dulaney Valley just north of Towson, and
Worthington Valley just east of Emory Grove. The towns of Coekeys-
ville, Lutherville, and Texas are loeated on this soil.

The Hagerstown loam has a gently rolling to rolling surface, favorable
for agriculture. The type occurs in the form of long, narrow valleys
bordered by somewhat steep slopes of Manor loam or Chester loam
which rise in places to a height of 100 feet or more above the valley floor.

Surfaee drainage and underdrainings are generally good, but in a few
small areas streams coming down from the higher lands spread over the
undulating areas of the Hagerstown loam and form poorly drained spots.
Some of these are ditehed. The subsoil of the type is suffieiently heavy
to retain moisture for erops throughout eonsiderable periods of dry
weather.

Praetieally all of this type is in eultivation. The prineipal erops are
corn, wheat, and hay (timothy and elover). Potatoes are grown
on many farms and some farmers produee vegetables for the Baltimore
market. Small orehards of apples, pears, peaches, plums, and eherries
do well, and bush fruits and berries sueeeed. Dairying is engaged
in on a number of farms, and some of the largest dairies in the eounty
are loeated on this type in the Green Spring Valley. Some beef cattle
are fed. Hogs and poultry are raised on all the farms. A few large
fields of alfalfa, some eontaining as mueh as 80 aeres, are established
on the type, and the erop gives good results, espeeially in eonneetion
with dairy farming. On the better farms corn yiclds as mueh as 100
bushels per aere, but ordinarily 40 to 60 bushels; wheat 20 to 30 bushels,
oats 40 to 60 bushels, and timothy and elover hay 1 to 2 tons. Alfalfa
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yields 3 to 5 tons per acre in 4 cuttings. Large yields of corn ensilage
arc obtained on some dairy farms.

The Hagerstown loam is fairly easy to till, except in the small spots
where clay loam occurs at the surface or is turned up by the plow.
Where general farming is practiced the regular crop rotation consists
of eorn 1 year, wheat 1 or 2 years, and grass 2 years. On the farms
where no small grain is grown, as in dairy farming, this system is modi-
fied. Heavy applieations of lime arc used on this soil, and commereial
fertilizers are used for wheat and oats and sometimes for eorn. Approxi-
mately the same kinds and amounts arc applied as on the Chester loam.
Considerable barnyard manure is used for corn and alfalfa, and on dairy
farms the heavy manuring gives excellent results and renders unncces-
sary the use of commercial fertilizers for these erops.

The Hagerstown loam is naturally a strong, productive soil. I'arms
eomposed largely or entirely of this type range greatly in price according
to loeation.

The use of lime and heavy applieations of barnyard manure are neces-
sary for best results on this soil, and with liming and heavy manuring
it is probable that only small amounts of commereial fertilizers would
be needed, exeept for some phosphoric-acid fertilizers for the small
grains. It is said by some growers of alfalfa that applieations of wood
ashes have improved the stand and yield of that erop. The best results
in seeding alfalfa have been obtained by inoculating the soil.

SASSAFRAS GRAVELLY LOAM

The surface soil of the Sassafras gravelly loam consists of 6 or 8 inches
of brown or yellow gravelly loam or gravelly sandy loam. The subsoil
to 36 inehes is a yellow, yellowish-brown, or brown gravelly loam or
gravelly elay loam. The immediate surface material dries out to a
grayish eolor. The gravel in the soil and subsoil consists of smooth,
rounded fragments of quartz ranging up to 2 or 3 ineches in diameter.
The gravel eonstitutes 25 to 75 per cent of the soil material and in many
places is used in road building and other construetion.

This type oeeurs in a number of small areas scattered over the southern
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part of the eounty in elose assoeiation with the Leonardtown and Sassa-
fras soils. The largest area is loeated just west of Neeker. The topog-
raphy is rolling, and in some plaees steeply sloping, with some narrow
bodies forming gently sloping erests of narrow ridges. Surfaee drainage
is good throughout the type and underdrainage is exeessive.

Probably not more than 5 per eent of the type is in eultivation, the
remainder being eovered with forest of oak, and other trees. The
eultivated areas are small, generally forming parts of fields of other
soils. On the less gravelly areas fair yields of tomatoes are obtained.
Other vegetables, small fruits, and berries sueeeed fairly well where the
land is well manured and fertilized. Grapes would probably do well.

SASSAFRAS SANDY LOAM

The Sassafras sandy loam eonsists of 8 to 12 inehes of a brownish-gray
to brown, light sandy loam, underlain to a depth of 36 inehes by a
yellow or yellowish-brown to reddish-yellow sandy loam. In uneulti-
vated areas or in fields where only a small amount of organie matter
has been ineorporated in the surfaee the eolor is often pale yellow. The
immediate surfaee in dry eultivated fields has a grayish eolor. Some-
times the lower subsoil in depressions is slightly eompaet and faintly
mottled with gray. Frequently there is a small quantity of rounded
quartz gravel in the soil, subsoil, and substratum. On the lower terraees
near the eoast the soil and subsoil are of a rieher brown eolor than on the
higher positions farther inland.

The Sassafras sandy loam oeeurs in a large number of small areas
throughout the southeastern part of the eounty. The largest body
oeeurs in the vieinity of Chase and just north and west of Bengies.
Smaller areas oeeur east of Baltimore in the vieinity of Brooks Hill
and Stemmer Run. To the east of Fort Armistead there are small
bodies of Sassafras sand whieh are less produetive than the typieal soil.
These sand areas were not separated in the map on aeeount of their
sinall extent.

The topography is gently rolling. Irequently the smaller areas
oeeupy the ridgelike or knoll-like positions surrounded by areas of the
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Leonardtown soils and other Sassafras soils. In the vieinity of the
coast the surfaee is nearly level to gently undulating. Surfaee drainage
is good and the underdrainage is rapid, although the subsoil contains
sufficient clay to hold a fair amount of moisture.

About 80 or 90 per cent of the Sassafras sandy loam is under cultiva-
tion. Some smaller bodies of the original forest remain. This consists
principally of pine, white oak, red oak, and black oak.

Vegetables are the prineipal crops. Some small fruits and berries
are also grown. These erops are produced for the Baltimore market.
The soil where properly cultivated and given applications of manure
and high-grade fertilizers produces good yields. It dries out rapidly
and warms up early in the spring, whieh makes it valuable for growing
early vegetables. It is naturally deficicnt in organic matter, which may
be applied either in the form of barnyard manure of green-manure erops.

The surface soil of the Sassafras loam is a brown, friable loam, about
8inches deep. The subsoil to a depth of 36 inches is a brown, brownish-
yellow, or reddish-brown elay loam or silty elay loam. In afew patehes
the subsoil is red. Frequently some small, rounded quartz gravel
oceurs in the soil and subsoil. Occasionally faint gray mottlings oceur
in the subsoil at 30 to 40 inches below the surface. Some areas of
Sassafras sandy loam too small to show on the map are ineluded in this
type.

SASSAFRAS LOAM

The Sassafras loam is not an important type, owing to its small ex-
tent, although it oeeurs in a large number of bodies widely seattered
throughout the southern part of the county within a few miles of Balti-
more. The largest areas lie around Landsdowne, Grange, and Walters,
and within the city limits of Baltimore.

The topography is gently rolling to rolling. Surfaee drainage and
underdrainage are good. The native forest growth eonsists of pine,
white oak, red oak, poplar, ehestnut, and other trees. Mueh of the
timber has been removed, and perhaps 85 per eent of the land is in
eultivation.

The Sassafras loam is used prineipally for the production of vegetables,
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largely tomatoes, potatoes, sugar eorn, beans, and peas, to be sold in
the Baltimore market and to eanneries. Small aereages are devoted
to wheat, eorn, and hay. There are small orehards of apples, pears, and
peaches. Small fruits and berries are grown by market gardeners.
The ordinary methods of eultivation and fertilization are followed for
general farm erops and vegetables. Wheat is produced with commereial
fertilizers, and large quantities of fertilizers are used in growing vege-
tables. Manure is used in large quantities for vegetables and ecorn.
Lime is also applied.

Corn yields 20 to 60 bushels per aere, wheat 15 to 25 bushels, and hay
1 to 1% tons. Irish potatoes yield 100 to 150 bushels per aere and
tomatoes 150 to 200 bushels. Oats may yield 40 bushels per aere in
favorable seasons, but the production is small owing to the uncertainty
of the erop. Alfalfa does well and is grown in a few small fields.

The priee of this land is based prineipally on its value for building
sites, as it is located near Baltimore and its suburbs.

Thie type is more easily improved and kept in a good state of pro-
duetiveness than the Leonardtown soils, and it is somewhat better
adapted to the production of vegetables and small fruits, although it
is neeessary to use manure and organie matter as well as lime and com-
mereial fertilizers in order to maintain good yields.

SASSAFRAS SILT LOAM

The surfaee soil of the Sassafras silt loam econsists of 8 or 10 inehes of
brown silt loam. The subsoil to 36 inches or more is a yellow, yellowish-
brown, or brown silty clay loam, often faintly mottled with gray in the
lower part.

This type occurs in a number of small, widely separated areas
throughout the southern part of the county, where it is elosely associated
with the Sassafras loam and the Keyport silt loam. Its topography is
very gently undulating to gently rolling, and it has good surfaee drainage
and underdrainage. Some of the type lies on the low terraees which
form narrow peninsulas projecting into Chesapeake Bay and which are
composed largely of the I eyport silt loam.
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Probably 90 per cent of this type is cultivated. The growth in the
uneleared areas is largely white oak, red oak, and poplar. The crops
grown are prineipally vegetables for the Baltimore market, with ocea-
sionally a small acreage in corn, wheat, and hay. The soil is quite
productive. It is well suited to vegetables and fruits, but for best
results should be fertilized, limed, and manured. It is handled in the
same way as the Sassafras loam, and gives praetieally the same yields,
Owing to its higher position and better drainage it is better suited to
cultivation than the Keyport silt loam in similar situations.

LEONARDTOWN LOAM

The Leonardtown loam consists of about 8 inches of pale-yellow or
light-brown loam, underlain by yellow or brownish-yellow clay loam
or silty elay loam to depths of 24 to 36 inches, slightly compaet and
faintly mottled with gray in the lower part or in the substratum. In
uncultivated areas only the immediate surface is brown, the soil in
general being brownish-yellow. On drying the surface beecomes some-
what grayish. A small quantity of small, rounded quartz gravel is
sometimes mixed with the soil and subsoil. As mapped the type
includes small areas of Leonardtown silt loam, Sassafras gravelly loam,
and Sassafras loam.

The Leonardtown loam is a type of little importanee. Its prineipal
areas occur around Perry Hall, Necker, Parkville, and Rosedale.
Numerous small bodies are mapped throughout the southeastern part of
the eounty. The type occursin elose assoeiation with the Leonardtown
silt loam and the Sassafras soils.

The topography is undulating to gently rolling, with some steep
slopes and moderately deep valleys. Surface drainage is good through-
out the greater part of the type. The under drainage, while better than
that of the Leonardtown silt loam, is not very thorough in many plaees,
owing to the slightly eompacted eondition of the subsoil and substratum.

Probably 85 per cent of the Leonardtown loam is under eultivation.
Where uneleared it supports a growth of white oak, red oak, and black
oak, with some pine and hickory. Much of the more valuable timber
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has been cut. A large part of the type is used for the produetion of
vegetables, as it is loeated along good roads and easily aeeessible to the
Baltimore markets. Some eorn, timothy, and wheat are grown. Most
of the type is used for market gardening, the prineipal erops being Irish
potatoes, tomatoes, eabbage, turnips, kale, spinaeh, and sugar eorn.
There are on this type several orehards of apples, peaches, eherries,
plums, and pears. Berries and small fruits are grown to some extent.
Corn ordinarily yields 20 to 50 bushels per aere, wheat 12 to 25 bushels,
and hay 1 to 11 tons. The eondition of small fields of alfalfa indieates
that this erop may be grown sueeessfully in favored seetions. Irish
potatoes yield 100 to 150 bushels per aere, and tomatoes 150 to 200
bushels.

Where general farming is earried on the farming methods are about
the same as on the Chester loam. Commercial fertilizers are used for
wheat and sometimes for corn, and heavy applieations of high-grade
fertilizers are made for vegetables. Barnyard manure and garbage also
are used in large quantities for vegetables. Many farmers use lime for
all erops. The soil is deficient in organie matter and is greatly benefited
by plowing under vegetation.

The Leonardtown loam is well suited to the produetion of vegetables,
eorn, small fruits, and berries where the supply of organie matter is
maintained and the soil is limed and fertilized properly. Probably most
areas of the type would be improved by tile drainage.

LEONARDTOWN SILT LOAM

The surface soil of the Leonardtown silt loam is a light-brown or
brownish-yellow silt loam, 2 to 8 inehes deep. In eultivated fields
the surfaee soil is brown to about 8 inehes, but where the land has never
been eultivated the lower part of the surface soil is yellow. When dry
the surface in eultivated fields has a grayish appearanee. The subsoil
to 18 or 30 inehes is a yellow silty elay loam, frequently slightly mottled
with gray at 30 inches. Below 18 or 30 inehes and extending to 36
inches the subsoil is a eompaet mottled yellow and gray silty elay loam
orsilty elay. This compaet layer or so-ealled hardpan is a eharaeteristie
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feature of the type. It is very hard in many plaees and almost imper-
vious. Sometimes small rounded quartz gravel is seattered sparingly
through soil and subsoil.

The Leonardtown silt loam is mapped in a number of small areas in
the southeastern part of the eounty. The largest oeeur around Upper
Falls, just north and east of Whitemarsh, just north of Baltimore, and
around Hamilton and Parkville.

The topography is nearly level to gently undulating and in plaees
gently rolling. In general, the type has fairly good surface drainage,
but there are many small basinlike areas in whieh water stands after
rains. The eompact lower subsoil and substratum retard the under-
drainage.

Probably 70 per eent of this land is in eultivation. The areas farther
from Baltimore are eultivated to a less extent than those near the eity.
Within a few miles of the eity nearly all this soil is used for the produetion
of vegetables. The more remote areas are used also for eorn, wheat, and
hay. The vegetables produeed are ehiefly eabbage, potatoes, tomatoes,
beans, pcas, sugar corn, spinach, turnips, onions, and kale. Con-
siderable quantities of manure and high-grade fertilizers are used for
vegetables, which give moderate yields. Corn yields 20 to 50 bushels
per acre, wheat 12 to 25 bushels and hay 13 to 2 tons. For eorn, manure
and sometimes ecommereial fertilizers are used, the fertilizer being applied
at the rate of 300 or 400 pounds per acre. These fertilizers are of various
kinds, but as a rule phosphorie aeid is the most important eonstituent.
Potash gives good results, and its use in mixtures up to 6 per cent has
been found profitable for wheat. Lime is used with profit on this soil.

The Leonardtown silt loam has a tendeney to beeome aeid, and lime
should be used regularly. The aeration of the soil, whieh is poor, eould
be improved to a eonsiderable extent by tile drainage. This soil is
naturally defieient in organie matter, which is supplied in the form of

barnyard manure and erop residues. The type seems espeeially adapted
to the produetion of hay.
The results of meehanical analyses of samples of the soil, subsoil,
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and lower subsoil of the Leonardtown silt loam are given in the following
table: ’

MECHANICAL ANALYSES OF LEONARDTOWN SILT LOAM

Number Description gf: ;:gl C&ar:'se M::riam g:& Vesr gng"e Silt Clay
e per_cent .per-cenT per cen_t_ per cent ;-e-r ce—:t ;er c;t_ per cenc‘
201232 | Soil 1.4 3.1 ‘ 1.6 6.1 9.2 64.0 | 14.4
201233 |- Subsoil 9 2.0 1.1 4.0 5.7 61.6 | 24.7
201234 | Lower subsoil 1.7 28 [ 1.6 5.6 ¥t 55.11 25.3

!

SUSQUEHANNA SILT LOAM

The Susquehanna silt loam is a brown to yellowish silt loam, 8 or 10
inches deep, underlain to 18 or 20 inches by a yellow, brownish-yellow,
or yellowish-brown silty elay loam, and below that depth by a red or
pink, mottled with gray, heavy tough elay or silty elay. This type is
not very uniform and in some places it resembles the Leonardtown silt
loam, but at a depth of 3 feet the distinguishing reddish, mottled elay is
encountered, which is a suffieient basis for differentiation.

The Susquehanna silt loam oeeurs in several small, widely separated
areas in the southeastern part of the eounty. One of the largest lies
just north of Rossville, another near Rosedale, another just east of
Landsdowne, and one east of Halethorp.

The topography is gently rolling to rolling, and the type has fair
surface drainage, but the underdrainage is poor, owing to the impervious
nature of the subsoil.

Probably 75 per eent of this soil is cultivated. Forested areas support
a growth of white oak, red oak, and pine. Like the surrounding Coastal
Plain soils this type is used prineipally for market gardening. It is
farmed in eonjunetion with the Leonardtown and Sassafras soils, and
has about the same agricultural charaeteristies as the Leonardtown silt
loam. It is naturally somewhat “cold,” owing to poor drainage. The
application of lime, organic matter, and fertilizer is necessary for the
best results. The type is probably best adapted to the production
of hay.
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KEYPORT SILT LOAM

The surface soil of the Keyport silt loam eonsists of about 6 inches
of yellowish-gray to grayish-brown silt loam. The subsoil to a depth
of 12 or 15 inches in typieally a yellow silty eclay loam or silt, though
in depressions it may show mottlings of gray. From 12 or 15 inches
-to 36 inehes the subsoil is a mottled yellow and gray, eompaet silty
elay loam, approaching a silty elay in the lower part in places. In
the more rolling areas the gray mottling of the subsoil is less pronounced
than in the level or depressed areas. Throughout the type there are
patehes of Elkton silt loam and oceasionally Sassafras silt loam, too
inextensive to map.

The Keyport silt loam oecupies several square miles in the south-
eastern part of the eounty on Patapseo River Neek, Back River Neck,
and Middle River Neck. The largest areas extend northward for
several miles from Sparrows Point. These neeks, whieh are eut into
by a number of small bays and ereeks, are smooth terraces lying a few
feet above the waters of Chesapeake Bay, from which they are separated
by a low bluff. The topography is gently undulating to nearly level,
with many slight depressions. Most of the type lies less than 40 feet
above sea level. Drainage is fairly good in most plaees, though mueh
of the land would be improved by artifieial drains.

Probably 75 per cent of the type is eleared and used for erops. Un-
cultivated areas support a forest consisting prineipally of white oak,
red oak, water oak, pin oak, sweet gum, and pine. This soil is used
prineipally in growing vegetables for the Baltimore market and for
cannecries. The more important crops are beans, peas, tomatoes,
spinach, eabbage, potatoes, sugar corn, turnips, and kale. Only
small acreages of corn, wheat, and hay are grown. There is a small
produetion of apples, peaches, and small fruits and berries. In some
of the better drained situations small fields are devoted to alfalfa.
Beans yield 200 to 250 bushels per aere, tomatoes 200 to 250 bushels,
potatoes 100 to 200 bushels, spinach 700 to 1,000 bushels.

Lime is used to some extent on this soil and barnyard manure, garbage,
and other refuse is applied in large quantities. Commereial fertilizers




MAaARrYLAND GEOLOGICAL SURVEY 341

are also used extensively, principally nitrate of soda and phosphorie-
acid mixtures.

The Keyport silt loam is fairly produetive where drainage is good.
It needs liming and large applieations of barnyard and other organie
manure. Tile drainage would prove of great benefit. The type is
well suited to the produetion of hay.

Mechanieal analyses of samples of the soil, subsoil, and lower subsoil
of the Keyport silt loam gave the following results:

MECHANICAL ANALYSES OF KEYPORT SILT LOAM

Number Description gl::i:‘;l Egiﬁe M::ri‘&m E;:g Ve;gngne Silt Clay
per cent | per cent | per cent | per cent | per cent | per cent | per cent
201227 | Soil 0.1 1751 1.2 6.2 10.7 | 66.0 | 14.4
201228 { Subsoil .0 I 1.0 4.4 9.3 61.0 ; 23.7
201229 | Lower subsoil .0 .5 1.1 6.0 10.8 | 48.3| 33.1

ELKTON SILT LOAM

The surfaee soil of the Elkton silt loam eonsists of 6 or 8 inches of
gray silt loam, nearly white when dry. The subsoil is a gray and yellow
mottled silty elay loam to silty elay, whieh below 24 inches is in plaees
eompaet and lighter in texture than the upper subsoil.

This type oeeurs in small, seattered areas in the southeastern part of
the eounty. Many areas exist that are too small to map. The type
is developed on the low marine terraee whieh oeeupies the neeks of land
projeeting into Chesapeake Bay. The surfaee is flat to very slightly
depressed, and surfaee drainage is very poor. The subsoil is almost
impervious, and underdrainage is eorrespondingly defieient.

Probably not more than 5 per eent of the total area of the type is
cultivated. The rest is eovered with forest growth eonsisting of pin
oak, water oak, water maple, white oak, and a brush undergrowth. The
soil without artifieial drainage is of low produetiveness, grass seeming
to do best on it. When drained it is best adapted to the produetion of
hay and wheat, but even with improved drainage the soil requires
lime and heavy applieations of manure and other forms of organie
matter to make the crop yield satisfactory.
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CONGAREE SILT LOAM

The surface soil of the Congaree silt loam is a brown or gray silt loam,
frequently very micaceous. It has a depth of 8 to 15 inches. The
subsoil to 36 inches is typically a brown loam or in places elay loam, but
varics in color to yellow or yellowish brown. Frequently the lower
subsoil is mottled with gray and rusty brown. There are some textural
variations in this type. Near the banks of the small streams the texture
is usually loam, while adjacent to the uplands in very narrow strips
of low wet land the soil is a grayish silt loam underlain by a mottled
gray or bluish-gray and yellow or rusty brown silty clay loam subsoil.
In some of the very narrow valleys or crcek bottoms the soil is almost
entirely a brown, micaceous loam to a depth of 2 or 3 feet.

The Congaree silt loam occurs along streams throughout the county,
occupying bottom lands which vary in width from 100 or 200 feet to
more than one-fourth mile. In the southeastern or Coastal Plain part
of the county the soil is grayer and resembles the Ochlockonee series,
but on account of its small extent such areas are not mapped separately.

The Congaree silt loam has a nearly level surface. In the wider
bottoms certain narrow areas adjacent to the upland are slightly lower
than near the strcam. Drainage is fairly good except where water
stands for some time, producing marshy conditions in places. The typc
ordinarily lies only 3 to 6 feet above the stream bed and overflows oceur
occasionally.

The danger of crop loss through floods prevents extensive cultivation.
Probably much less than 10 per cent of this soil is used for crops. Some
corn is grown with fair yields. There are few farms in the county that
do not include a small acreage of this type. Much of it is cleared or
partly cleared of timber. Such areas make fine pasture. The forest
growth consists of white oak, pin oak, shingle oak, some_'poplar and
sycamore, and a small tree locally called ironwood. The type is used
almost entirely for the pasturage of all kinds of stock, and is a very
valuable soil for this purpose. )

The Congaree silt loam if properly drained and protected from over-
flow is a valuable soil for corn and forage crops. It is naturally quite
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produetive, and with ditching and straightening and deepening of the
streams more of it could be farmed. With better drainage eonditions it
would be well suited to the growing of vegetables.

Just south of the reservoir at Loech Raven, in an area of perhaps
50 aeres or more oecupying a stream terrace approximately 25 feet
above the river bed, the soil is a brown, heavy silt loam, 8 inches deep,
underlain to 3 feet by a brown to bluish-gray silty clay loam. The
surfaee is level, but the area lies above overflow and has good drainage.
It is farmed and gives good yields of eorn, potatoes, and other erops.
Owing to the small extent of this soil it is included with the Conagree
silt loam on the map.

TIDAL MARSH

The term Tidal marsh is applied to the narrow strips of wet lands
along the lower courses of streams and estuaries of Chesapeake Bay.
The soil material is a black to bluish or bluish-gray silt loam with
faint mottlings, mixed with a mass of finely divided and more or less
deecomposed grass roots. The surface is eovered with water most of
the time.

In its present condition the Tidal marsh has no agricultural value,
Near Carroll Island, where some of the type lies rather high, the sur-
face becomes dry at times and some marsh grass is mowed for hay,
whieh is used for bedding.

If thoroughly drained this soil might be well suited to growing onions
and eelery, but the cost of reclamation would probably be prohibitive
under present, eonditions.

UNCLASSIFIED CITY LAND

The term Unelassified eity land is applied to areas in Baltimore City
and Sparrows Point and at the edge of Baltimore City, where the soil
has been changed by excavations and fillings for buildings and other
purposes. In much of the city the area is eovered by buildings and
pavings, while at the edge of the eity mueh material has been dumped
on the soil and has eompletely changed it.
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SUMMARY

Baltimore County lies in northeastern Maryland, reaehing from
Pennsylvania to Chesapeake Bay. It surrounds Baltimore City on
all sides exeept where the eity touches the waters of the Chesapeake.
The area surveyed, ineluding Baltimore City, eovers 673 square miles,
or 430,720 aeres.

The topography varies from nearly level or undulating to strongly
rolling and hilly, the greater part beiny strongly rolling. Narrow, level
bottom lands are developed along the streams. The elevation ranges
from sea level along the coast to more than 900 feet in the northern
part of the eounty, the greater part between 200 and 700 feet above
sea level. All the drainage flows into Chesapeake Bay.

Baltimore County had a population of 74,817 in 1920, all elassed as
rural. Baltimore City had a population of 733,826. The Offieial
estimate of the population of Baltimore City as of January 15, 1929 is
836,522. The prineipal towns, all of them small, are Towson, Coekeys-
ville, Lutherville, Texas, Catonsville, and Sparrows Point.

Transportation faeilities are good throughout the southern half of the
eounty, but the northern part has only one railroad. Exeellent high-
ways extend throughout the eounty. All parts of the eounty are
eonneeted by telephone. There are numerous churches and sehools.

Baltimore is the prineipal market for all the farm produets. Some of
these are reshipped to other markets, and a large quantity is used by
eanneries in and around the eity.

The climate is mild and healthful. The mean annual temperature
as reported at Baltimore is 55.3° F., and the mean annual precipitation
43.3 inehes. There is a normal growing season of 214 days.

The agrieulture of Baltimore County econsists in the produetion of
general-farm erops, ineluding eorn, wheat, and hay; dairy farming;
the feeding of beef eattle; hog raising; and market gardening. The
farm buildings are large and substantial, and the farms are well kept
and fenced. Good work stock and improved farm machinery are used.

Uniform farming methods are followed throughout the eounty.
Farmers praetice systematie erop rotation. Lime and eommereial
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fertilizers are generally applied to the land, especially for wheat and
market-garden crops. Manure is used extensively, and market gar-
deners use a large amount of garbage and sewage from the eity.

Farm labor is searee and high prieed.

The greater part of Baltimore County lies within the Piedmont
Plateau region. Approximately the southeastern fifth lies within the
Coastal Plain.

The soils of the Piedmont are formed from the weathering of sehists,
gneiss, granite, gabbro, serpentine, diabase, and to some extent lime-
stone. These rocks produee soils of the Chester, Manor, Louisa, Cono-
wingo, Montalto, Iredell, Meeklenburg, and Hagerstown series. ¥rom
the uneonsolidated deposits of the Coastal Plain the Sassafras, Susque-
hanna, Leonardtown, Keyport, and Elkton soils are derived. The
alluvial soils are grouped in the Congaree series and Tidal marsh.

The Chester loam and Manor loam are the main soil types of the
eounty. They are farmed and fertilized in mueh the same manner,
and the farming methods generally followed throughout the eounty are
praetieally the same as on these two leading types. The Chester loam
is best suited to eorn, wheat, and hay, and the Manor loam to eorn,
Irish potatoes, vegetables, and fruit.

The Montalto elay loam is espeeially suited to the produetion of
apples and other fruits and of wheat and hay. The Conowingo and
Iredell silt loams seem best suited to grass and wheat. The Meeklen-
burg loam is a good soil for eorn, vegetables, and fruit. The Hagerstown
loam is best suited to grass, wheat, alfalfa and eorn.

The Leonardtown silt loam and loam are good grass soils and under
the best management are well adapted to wheat, eorn, and vegetables.
The Sassafras sandy loam and gravelly loam have a speeial adaptation
for vegetables, berries, and small fruits. The Sassafras loam is a fine
vegetable and eorn soil and is fairly well adapted to wheat, alfalfa, and
grass. The Sassafras silt loam gives good yields of hay, eorn, and other
general farm erops. This is also used sueeessfully in the produetion of
vegetables. The Keyport silt loam is a fine grass soil, and with good
management is well adapted to vegetables and other crops.




346 TuE SorLs or BavtiMorE CouNTy

The soils of Baltimore County are on the whole rather strong and
suited to a large variety of crops. They may be built up to a high
state of productiveness. These factors, with the accessible good market,
make the conditions favorable for general farming, dairying, market
gardening, fruit growing, and poultry raising.



CLIMATE OF BALTIMORE COUNTY

BY
EDWARD B. MATHEWS anpo ROSCOE NUNN

INTRODUCTORY

Baltimore has had a station of the first order for 56 years with con-
tinuous records of the principal elements of the weather, temperature,
pressure, rainfall, sunshine, wind velocity, wind direction, and humidity
since 1893, while less exact and comprchensive records of temperature
and pressure are available for over one hundred years. The immense
accumulation of statistical data for the years 1871-1903 has becn criti-
cally analyzed and reduced to generalized statements in the admirable
work of Dr. O. L. Fassig, whose results have been published as Volume II
of the Maryland State Weather Service.! Dr. Fassig’s work has now
been supplemented by the data that have accumulated during the last
twenty-three years, 1904-1926, so that this discussion cmbraces the
records for the whole period, 1871-1926, at Baltimore, Fallston, and
Woodstock. The conclusions for Baltimore County weather here
presented are largely based on these studies of Baltimore climate since
“the weather conditions at Baltimore are typical of conditions within a
wide area. Situated midway between the rigorous north and the mild
south with the equable oceanic conditions on the east and the variable
continental conditions on the west the climate of Baltimore County is
cspecially favorable to human activities. Rainfall is abundant but not
excessive and quite uniformly distributed throughout the year. Storms
of destructive violence are rare and tornadoes almost unknown. The
scason of plant growth is long and sunshine is abundant without being
oppressive.”’

The actual weather conditions from day to day combined into average

1 The Climate and Weather of Baltimore by Oliver L. Fassig, Md. Weather
Serviee, Vol. II, 1907. 515 pp., plates i-xxiv, 170 figs.
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conditions by statistieal studies define the characteristies of the elimate.
When the period of observations cxtends over a long tern of years, as
is the casc for Baltimore, the climatic generalizations beecome of unusual
value, since within the reeords of a century are ineluded all the extremes
of variation whieh are likely to be expericnecd in a lifetime. The
elements comprising weather conditions include atmospheric pressure,
temperature, humidity, clouds and rainfall, sunshine, winds, etc., and
their quantitative variations day by day and throughout the yecar.
These factors are modified somewhat locally by the configuration of the
earth’s surfaee, variations in elevation, presenee of large bodies of water,
character of the soil and forest cover. All of these are discussed in
detail in the chapters on physiography, forests, and soils where it is
shown that although Baltimore County has a diversified surfaee the
extremes are not very great.

In the southeastern districts below the railroads the lands are flat,
rising but slightly above the broad estuaries opening into Chesapeake
Bay. Westward of the railroads the land rises rather abruptly, along
the “fall-line” into a plateau from 500-800 feet in elevation in which arc
incised numerous valleys by the principal streams and their tributarics.
Above the general level of the plateau rise a few ridges of slightly higher
elevation, culminating in the northwestern part of Parrs Ridge along
the Carroll County border. These local variations, with the exeeption
perhaps of the Patapsco and Gunpowder valleys, have little influence
on the gencral weather conditions, but the gradual rise of the land to
the northwest away from the Bay shows a determining influence in the
distribution of temperature and to a lesser degree of the rainfall.

Since no adequate understanding of the weather conditions ean be
gained without some knowledge of the general and specifie influences
of the various climatic clements, the deseription of local conditions will
be introdueed by a brief diseussion of the major factors—pressure, tem-
perature, precipitation, ete.

ATMOSPHERIC PRESSURE

Variations in atmospherie pressure are the potent causes in produeing
movements of the air with the resultant storms and rainfall. The
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differenee in atmospherie pressure at a single loeality, as shown by
changes in the height of the barometer seldom exceeds an ineh within a
period of several days and in the Middle Atlantie States is usually less
than two inehes. During the last fifty-six years the highest reading
redueed to sea level, observed in Baltimore was 31.02 inehes (27, 1, 27)
and the lowest 28.73 inches or a differenee of only 2.29 inehes. This is
less than the permanent differenees in pressure between different parts
of the State. Within these limits are diurnal, annual, and seeular
periodie ehanges more or less marked by irregular fluetuations due to
the passage of storms or other movements of the atmosphere. Such
periodie variations in pressure are seldom revealed by easual readings
of the barometer but beeome manifest by eareful analysis of barographie
reeords and statisties.

Diurnal wave.—In general the barometer is lowest about four in the
afternoon and three in the morning and highest at ten in the morning
and ten in the evening, the ehange due to the diurnal wave being less
than 0.04 of an ineh. This double diurnal wave is not loeal but eharae-
teristie of air pressures over the greater portion of the earth’s surface.
It is generally more marked in or near the tropies and diminishes in
strength with inereased distanee from the equator. It is apparently
due to the sun’s rays heating the atmosphere on the rotating earth.

Annual wave.—A similar but single wave is evident when the average
barometrie pressure readings for each day of the year are eompared.
The maximum oeeurs in January and the minimum in July. The
maximum variation due to this eause dedueed by Dr. Fassig from obser-
vations reecorded at Baltimore for over thirty years is approximately
0.14 inch. Between the diurnal and annual waves are slight irregular
waves amounting to 0.08 to 0.19 inch every three or four days.

Secular waves.—Besides the diurnal and annual waves of varying
atmospherie pressure the reeords at Baltimore show waves with an
average length from erest to erest of something over four years and
possible waves whose erests oeeur at intervals of a quarter of a eentury
orless. All of these ehanges show that the air is variable in its eompres-
sion from hour to hour, day to day and year to year, even when there
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are no loeal eyelonie areas inereasing the differences in atmospherie
pressure.

TEMPERATURE OF THE ATMOSPHERE

Temperature is perhaps the most influential elimatie factor affecting
human activities. While it is well known that thisis primarily influeneed
by the latitude, or distanee from the equator, and the seasons, other
faetors sueh as the distribution of land and water, height above sea level,
prevailing winds, eloudiness, and differences in soil have a modifying
effeet on loeal values. The apparent or sensible temperature is also
greatly modified by the humidity or degree of saturation of the air and
by sudden changes in temperature due to shifts in the wind or other
eauses.

Baltimore, situated slightly south of midway between the equator
and the poles, and between the equable temperatures of the oecan and
the variable temperatures of the land areas to the westward, has annual
and summer temperatures 3° to 4° below the average of the entire
globe and a winter temperature about 10° below. The changes ex-
perieneed here are primarily due to the passage of continental storms
whieh move northeasterly across the United States and eause rapid
changes in the wind directions. The southerly winds are usually warm
and the west and northwest eolder.

In order to eompare eonditions it is customary to determine the
average temperature for the days, months, and years and to diseuss the
variations from sueh normal values. Such average temperatures seldom
indieate the aetual eonditions beeause of the variations in temperature
from hour to hour and day to day, and the extremes are more noticeable
than intermediate eonditions. Thus a few hot days in summer accom-
panied by a number of days slightly below normal may represent the
average temperature but the impression made is of a monthly tempera-
ture mueh higher than the normal. The same effeet is produeed for
the day, season,or year.

Diurnal variation.—The diurnal variation in general is represented
by a simple eurve which rises steadily from a minimum just before
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sunrise to a maximum in the early afternoon hours and then descends
gradually to the early morning minimum. In this respect it differs from
the diurnal change in atmospherie pressure whieh has a double period
with two maximum and minimum points each day. The thermographic
records at Baltimore covering a period of more than ten years show
that the high and low points vary slightly in time with the seasons.
The lowest temperature of the day occurs usually just before sunrise
while the highest temperature varies from 2.30 p.m.in November to
4.00 p.m. in June. The average temperature of the day occurs about
9 a.m. and 8.45 p.m. in the summer months and at 10.30 a.m. and 10
p.an. in the winter months. The average difference between the daily
maximum and minimum is greatest in May (17.9°) and least in Decem-
ber (13.2°).

Considering further the temperature eonditions at various hours of
the day, under average conditions a temperature of 84° is limited to the
afternoon hours from 2 p.m. to 4 p.m. during the month of July; a
temperature of 75° between 10 a.m. and 7 p.m. in June, and from 1
p.an. to 5 p.m. in September. In winter the freezing temperature of 32°
is limited to the months of January and February from midnight to
10 a.m.

The foregoing values are averages from which there are frequent
departures. The greatest difference between the lowest and highest
temperatures of the day is greatest on clear days, especially in the spring
months. Cloudiness reduces the daily range to less than one-half of
that on a clear day. On a rainy day the difference between the highest
and lowest temperature is usually not over two or three degrees. The
clear day is cooler in winter and autumn, about average in the spring,
and decidedly warmer in the summer. Cloudy and rainy days are just
the opposite—warmer than the average in winter and autumn, cooler in
the summer and spring. Snow on the ground makes the temperature
about 10° lower. This is due to the more intense radiation from the
surface during the night and the absorption of the sun’s heat in melting
the snow during the day. Such a snow covering prevents the radiation
of heat from the earth and the penetration of frost into the ground
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thereby protecting the winter wheat and other vegetation. Winds also
modify the diurnal range in temperature by mixing the different strata
of air which on a windless day differ in warmth, the lower strata next
the carth being cooler in winter and hotter in summer.

TABLE I. MEAN HOURLY TEMPERATURE

Hours Jan.!Feb.lMar. Apr. | May IJune!July Aug. Sept.| Oct. |Nov.| Dec.

— ESNNNINN PR pESS— U S| | SR A AT R —

) T 0o T S 31.429.9i40.1 49.1/59.6 68.0i72.9 71.365.2/53.9/44.1|35.0

2. . AP B 31.029.4/39.4/48 .3/58 .8|67.2(72.2170.7/64 653 .3/43.734.5

Sh. Bt 1 30628.9%38.8]47.658.166.4!71.469.9 63.8/52.7/43.2(34.2

b IE Y L . 30.228.5_‘38.3'47.157.565.8!70.869.3 63.1/52.1/42.7(33.8

54 500 SN RIS 29.8/28.1/37.946.557 .0(65.270.3/68.7/62.5/51 .7 42 .3(33.4

(512 & 1S A APPSR RO PO 29.6/27 .9(37.6/46.4/57 .4/66.1/70.6(63.8/62.2/51 .3 42 .0/33.0

7 - 0 BRSO Bo0E Jbo o 29 .4(27 .8 37 .8|47.4/59.0(|68.2/72.4(70.4/63 .1{51 .6 41 .9;32.9

St eb.emy. . T b 29.7|28.438.8/49.5(61.3(70.5/74.7|73.0/65.7 53.6I42.8 33.3

0 5 50 MRS 1 S 30.6(20.7 40.5/51.7(63.4(72.8/77.2 75.4:68.0 56.0/44.8/34.5

RO T s R ) 32.0(31.3 42.2/53.7 65.274.6;79 177.7i70.558.446.7l36.0
Wl 55 ol e o B a S o o b o ol P 33.7/33.144.0/55.6/67.1|76.3/80.9 79.8;72.660.6-48.637.9
Noon................... 35.0134.645.7 57.168.477.582.481.074.262.3:50.239.4
)8 B S S PR 36.035.847.0|58.2/69.5/78.7/83 482'1|75'3 63.4/51.4/40.7

R 36 836.948.259.070.579.684.082.876.164.2;52.041.6

Solgoo A Bl - I SO 37.237.2/48.7/59.670.7|79 .9/84 .2|82.9/76.4/64.4/52.2|42 .0

/et 1 B0 racnt i 37.037 .2{48 .8/59.670.7 79.884.182.676.3'64.0'51.641.5

Bl B8 o e 36.236.548.0/59.070.2|78.9 83‘181.6-75.1|62.8:50.440.5

6. Mo 35.435.3147.0|57.9/69 0|77 .6/81 .8(80.5(73.4/61.2/49.2139 .5

e ) ERS E I 34.534.4(45.6/56.267.0/75.7|80.1/78 .8/71 .6/59 .5 48.1|38 .6

Sa0 d - DO TONOEE (0K 34.033.6/44.554.965.274.1{78.3/77 .0/70.2/58 .1 47 .3/37 .9

Q) ewire 3 e srerem s e W 33.032.8/43.453.6(63.7/72.6/76.675.6(68.656.946.4(37.1

05 SRS = R | 32.8-32.2’42.5 52.562.6|71.375.6/74.467.555.9 45.7/36.5
1175 Rl I A, 32.131.6;41.7:51.6:61.5;70.2'74.573.2"66.855.0 44.9/35.9
Midnight............... |3l 8-31.1s40.9 50.5[60.9|69.273.7 7365.754.244.2 35.2

This table shows the mean temperature for each hour of the day,
based on the continuous record of a Richard thermograph for the ten-
year period ending December 31, 1902. The thermograph record was
corrected daily by direct observations of a mercurial thermometer at
8 a.m. and 8 p.m., and by the readings of a maximum and a minimum
self-registering thermometer. The annual mean (55.0°) is the average
value of over 87,000 hourly observations, and may be regarded as a true
normal value for the period covered by the observations.
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Daily march of temperature and pressure. Based upon daily observations for 30 years. A. Average daily maximum temperature. B. Daily mean temperature. C. Average daily minimum tempera-
ture. D. Daily mean barometric pressure. (After Fassig.)
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TABLE II. MEAN DAILY TEMPERATURE
(Corrected to hourly mean)

Jan. | Feb. | Mar. Apr,l.\Iay JuneI July'Aug.'Sept'Oct. Nov.|Dee.

18 08 o o b ¢ 35.1{32.8138.4(47.5/58.8/68.9 76.076.0731\62,1.52.2‘42.7
S SRR 35.1(32.4/38.6/49.0/59.6(69.7|76.675.9 72.8:61.9;52.2340.2
L S & I TSRS 33.2133.1/39.1/48.2|59.4(70.8(77.5/75.7/73.062.6/49.839.9
T ST 32.833.0 38.8‘49.0 60.0(71.1/77.5(76.0(72 763.3‘49.1!39.2
L O T 33.1/30.3/37.9149.8/60.7 70.9'76.8 76.9|72.5 62.7|49.3I39.4
(5.0 0 SRRSO 33.3-32.4138.650.5 61.771.577.0(77.2(72.7 62.1.49.5E39.8
USSR - 35.534.0/40.650.761.770.476.9(77.5(72 9/59.9/49.4/40.0
et e ereneracaneres B 35.0134.1/40.4/50.2/61.670.577.3(77.3 72.2/59.549.5/39.7
T A RO 33.933.8(41.249.463.170.077.3(76.9(71.0/59.8(49.5/39.1
) (0 S 33.233.9(43.149.663.370.977.7|77.3(70.5/60.0/49.237.5
171 . I 33.434.5142.251.063.7/71.677.6/76.9(69.8(60.4/48 338.2
)L P 6 33.935.1/43 .8|52.0163.4(71.8/77.8(76.3(70.7(58.2/48.2,39.0
IBE e o e e oo el 32.2/34.8|43.9/52.0/63.6(71.477.7|75.4/70.0 57.3:47.139.9
)1 R it o 33.2/35.8(42.053.6(62.6(72.2|77.5/75.3/68.3|57 .6/45.5(38.1
T R o 33.5[35.640.8/53.0(63 .3(72.6(77.9[75.4/67 8|58 545 536.1
1B« o eeieieieiealaialaie ot & o u o 34.5/34.8|41.5|53.0163.5(72.5/78.9(75.1(69.1/60.1/45.835.5
117 b RIS I o - 34.235.2 40.9;53.163.7 72.7|78.3 75.2169.059.0/45.536.1
) BB 80800 0G0 B8 Ba08, 5 - 34.035.7/41.4/54.2/64.5 73.0|78.4|74.9 68.3158.2(46.4/35.8
) 7) SR I 33.6/35.4/43.9/55.7(65.8(73.7 77.2/75.1(68.8 58.7'45.7 2i5.5)
T 34.6(36.0(44.2|55.3/66.2(74..7(77.2/75.2/67 5/56.2 44 2(34.6
g ... B 37.5:36.7/43.5/55.6/66.3 75.4‘77.675.5 66.8(55.2/44.0/36.7
P20 AP R M 1 37.3/38.1 44.2]56.5 66.4(74.8 76.8|74.9 66.155.1145.2.37 .4
%¥s o OO0 b ko ob 36.0/37.4/44.8/57.8/66.4(74.4(77.9(74.4/66.0/55.1/44 .6/38.1
21 L O R . ¢ 33.535.7 44.5,'57.565.8 75.7’77.4[75.0 65.953.942.5/36.6
.7, PR 33.7,36.6 46.2]56.8 66.476.077.173.9 65.6|54.4 42.2/35.2
AGEEN. LR P 33.037.6/47.157.9/67.0(76.6/77 .573.6/65.1/54.3 42.6,33.0
G S S R 34.3/37.0147 .3/58.067.2 75.7/77.3 72.464.7’54.9 42.7'34.1
BB . 2 3 oo ennens oot . - 34.637.447.358.1/68.175.777.071.3 65.2:53.241.2‘34.1
0l L N A L 34.0‘36.245 857.767.676.277.572.465.252.8/40.3(33.9
B0 .. e e e 34.2 46.960.168.575.3 77.8.73.1|63.5I52.2'39.3 34.3
3 L S ST R - 34.6 |47.4 68.7 76.7!73.2[ 151.0 34.6

This table shows the mean temperature for each day of the year as
derived from the daily maximum and minimum temperatures for 55

years, from 1871 to 1925. To the average daily values derived from

these observations, corrections have been applied to reduce them to the

true mean based on 24 hourly observations.

mometers varied from 40 to 100 feet above the ground.

The altitude of the ther-

Variation in temperature from day to day is a elimatie factor of

the highest importance, especially to the weak and sickly. Large, and
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especially sudden, changes of temperature within short periods are
uncomfortable if not actually harmful. Fortunately such changes are
not extreme in Baltimore and its vieinity. The Baltimore figures show
that during most of the year the change for the average temperature

i % %% u
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Fi1G. 14.—Mean Hourly Temperature. (After Fassig)

from one day to the next is less than 5° and that only 10 times a year is
there more than 15 degrees differenee. The change of average tempera-
ture of two sueeessive days has reached 20° in Baltimore 50 times in
thirty years. Sueh marked ehanges usually oeeur in the winter, late
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fall, or carly spring and never between June and Scptember. This, of
course, does not represent the change in temperature from hour to hour
or the cxeeptional changes that somctimes occur. These will be dis-
cusscd more fully later.

g T F g rgQer

o

Fia. 15.—Total Seasonal and Annual Frequeney of Stated Diurnal Changes of
Temperature. (After Fassig.)
(a) Total Annual frequency. (d) Total Spring frequeney.
(b) “ Summer o (e) “ Winter <«
(¢) “ Autumn 4
This figure shows the total number of stated echanges in the mean daily tem-
perature during each season and during the year. The upper horizontal line of
figures indieates the degree of ehange, and the marginal figures to the right of the
diagram show the frequeney of stated ehanges.

With a long rceord of over a hundred years of daily observations it is
possible to gain a well cstablished value for the normal temperature.
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This is 55.7° for Baltimore and somewhat less for the major part of
Baltimore County. With this as a starting point it is possible to test
the question of periodie changes and the frequently-held impression that
in earlier times the winters were eolder and the summers hotter or the
opposite. The figures show no progressive inerease or deerease for
the entire period either in the monthly, seasonal, or annual means.

Monthly mean temperatures.—The average monthly temperature has
been determined for eaeh of the months of the year for periods of over a
hundred years at Baltimore and for the last fifty-six years at Woodstock
and Fallston, Harford County, as follows:

a3

g . . o @ . 3 . =

sl S| 85|22 2|[8|£|8|8)|%8

Sl & PR e PCRERRES LA I S S| Elie

, = | e w67 | At ), el N RN R AR
Baltimore, 1817-1926.......... | 34 .8| 35.6| 43.2| 54.0) 64.0) 73.2| 77.7| 75.8| 68.8] 57.0| 46.6| 37.3| §5.7
Fallston, 1871-1926.......... 31.0] 31.7| 39.8| 50.8| 61 3l 69. 5’ 74.0] 72 OI 66. 0 b5.1| 43. 4‘ 33.8| 52.4
Woodstock, 1871-1926.......... | 31.9I 33.0| 41 .4| 52.4| 63. 1 70.9! 75. 2 72.7| 66. 1 54.9 43. 2| 34.2] 3.2

How the monthly temperatures vary from the averages for Balti-
more from 1860 to 1904 is shown in plate XXI (pl. vi of M. W. S.
ii). The variations at Woodstock and Fallston are similar but not
exactly the same. In general the departure from the average annual
is not over a degree or so. In the summer a departure of more than
two degrees is exeeptional, and a similar departure of five or six degrees
in the winter is unusual. Monthly averages give a good idea of the
temperature conditions for erops but seldom eompare with our reeollee-
tions of hot and cold periods. A month with 10 consecutive days of
excessively hot weather will be remembered as a hot month but it
will not show in the monthly average as such if equal periods of mod-
erately cool weather occur.




TABLE III.—MEAN TEMPERATURES, BALTIMORE, MARYLAND

Monthly and Annual Mean Temperatures Mean Temperatures

It [ e
2 AR

'3"5
S | Z|Aa

i |
- {35.1{30.7/47.6/58.8(65.474.0|75 .8 77.2:‘63.4!58.2 44.7(33.5,56.1/37 4/57.3|75..7|55.4/1870-1
[34:2{35.9|36 9155 2|67 .2(75 381570 4.69.0[57.0,43 4/31.8/55.6(34.5/53.1|78.7/56.5/1871-2
33.2(34.0/30.051.8,62.273.5(79.4/74.667.2155.0/41.0/40 6|54 4133 3/51.0/75 854 4/1872-3
39.1]37.1 13.4 46.4‘62.2 75.2/77.3|72.3{70.0 56.5(45 0|38 .8 55.3(38 .9/50 .774.9/57 .2{ 18734
-[20.6128.4:38.8/48 6,63 6,73 4177 .6/73 3(65 .5 55.2/42.1(37 252 8 32.3(50.3(74 854 3(1874-5
40.6/37.0/20.051.0,64.0 75 8,80.0/75 4(85.2/51.5(46.0/27 4(54.4/38..3{51.3(77..1/54 .2/1875-6
30.0/30 .4/30.4/52.8162.4 74 4|78 .477.2/68 .3/50 6|48 .2/43 3|56 .1(32.3/51.5(76 .7 58 .7 18767
|35.0140.4/49 .0 58..2,63.0,60 .8 80 .8 75 .8 69 .2/58 .0[46 8|34 .0 56 .8 39 .6,56 .7 75 .5 58 .3/1877-8
31.5,32.2(43 .4 51.6(65.2(73.2(78.1/74 8 64 .6{62.8[45 .6,41.255 432 .0 53 .4(75 .457.71878-9
42.440.6(42.6/55.070.975.6(78..1|75.5 68.8 56.0|41 .8/31.0/56 .5/41.4/56.2(76.4/55 6187980

|
20.6/34..1/41.6,51.3|67.8,71.0(79.2/77.2{77 4|63 .6(48 8|43 .6{57..1/31 .6(53.6,75 8|63 .3|1880-1
..|34 .2I4o.s 45.2/52.350.0(74.2(77.4/74..1/69.3 61 .64 .2/36.2/55 .7 39 .5|52.275.2/58 .4|1881-2
31.6/39.2/39.0,51.8/63.674.6|77.0(72.8/65.1 57.6(48 3|38 .8{55.0(35.7|51.5(74..8/57.0/1882-3
..32.0/41.6(43.8/52.5/64 .8(73.1|75.5(75.7|72.4 60 8147.0|37 .9|56 4|37 .5/53.774 .8/60.1/1883-4
1344128 8(35 .5/54.6,63.5(73.3(80..3(75 .2(67.4 56 .5|46 .4|38 4|54 .5|33.7151 2|76 .3/66 .8 18845
20.4/33.0/42 2 55.6|62.5|70.4 75.0/74.3(70..1 59 .4(47 .0/31.6|54 2|33 6(53 4|73 .2(58 .8)1835-6
32.7/39.4/38 .3|51.5/67 .8|72.2/81.0|74.1/65.2/56.6(45 .6/37.0/55.1|34 .6/52.5/75 .8 55 .8 18867
29.2/35.7]37.2|52.6/62.8/73 .2|74 .6(76.2(65.3 52.7|47 937 .6/53 .8/34 .0/50.9(74 .7)55 .3[1887-8
38.9{30.8/43.4/54 .6(65.8/71.5(76.6/73.8(66.5/53.8(47.7 46.0/55.8/35 .8/54..6/74.0|56..0,1838-9
44.0{43.4/41.6/54.0/64 .0/75.0{75 .4(74..1/68.4/57 .0(48 234 .6/56 .6(44 .5/53 2|74 .8/57 .4/1880~00

37.6[41.4 38.6-56.0i62.2 71.5(71.6{74 .3/70 .6/54 .8/44 .2/43.7(55 5|37 .9{52.3/72 5|56 .6/1890~1
..|31.8(36.8(37.4/51.6,63 4|75 9|76 .4(76 266 .2(55 843.8(33 .4/54 137 4|50 876 2|55 .3|1891-2
24.6(34.0140.3 52 .6/61.4|72.4/77.0[74 .6 66.6'57.0 43.6/38.6|53.6/30.7(51.4/74 7/55 .7/1892-3
.|37.5/34.4(48 .2.52 4165 .3(73.0/77 .6(73.2|70 6,57 .4|43 4|37 .7/55 9|36 .8/55 . 3|74 .6/57 .1/ 18934
-[31.3]26.4/40.6 52 862 .4174.2(73 1177 .1|72 .3(53 .4|47 .1{39 .2/54 .2/31 .8(51.9|74 .8(57 .6/1894-5
.[33.6(36.0/38.1/56.6{69.0/71.3(77 .8(76.2/68 .4|54 .8/51.0/36 .4/55 .8/36 .3/54 .6/75 .1/58 .1/1895-6
-|31.6/36.8/45.0/53.062.8|70.1(76 .9|74.3/68 8|58 .2/146.3/38.6(55.2/34 .9/53.6(73.8|57 .8(1896-7
37.0135.2/48.6/51.2 73.8/78.7(77 4171 .4/58.0144 .6/36.2|56 .3/36 .9/54 .6/76 .6/58 .0/ 18978
..[33.4/28.4/41.7/53 8164 .5/75.2(77 .6/75.6/67.0|58.7|47 .4/37 .4/55 .1{32 3|53 .3|76..1{57 .7/ 1898-0
-|36.2{33.138.6(55.0,65.2|73 .4/80.1]30 .4/73 .8/62 .0(49 .6/37.2/57 .0/35 .6/52 .9, 78..0/61.81899-00

34.9120 5(43 .8(50.7]61.8|72.6180.476.7(68 .4/56 7|41 .8(35 2]54 4|33 .0(52.1(76 6|55 .6 1000-1
..[31.8(30.4(48 753 .3[84.6|72 3|77 8|73 6|67 2|58 6|51 .0[34.8]55 2[32 4|54 .0/74 6|50 2(1901-2
33.6[37.8(49.6/54 4]65.2)67 2[77.2(71.9/68 2|58 4|43 2|33 0|55 0|35 4|56 4|72 .1/56.6|1902-3
.27 4128 .6{41.0149 9/65.7|71.4]75 6|73 6|68 .2{54 843 8|31 .6{52 6|20 7|52 2[73 5|55 6/19034
.[20.827.3(44 6(54 .2165.1/72.2{77.0[74.2,69.0/58..2(45 8|38 .4]54.7(20 0154 .74 6|57 .7/ 10045
40 2(34 .2/37.6/56.1/65.1/73 .6[75.9|76.8172 .4/56 247 .3|36.3]56..0{37 .6/52 9|75 4|58 .6]1905-6
36.628 8147.0/47 .8/59.0/66.7|76.6|73 6|69 9/53.2(45.4/39.0,53.6(33 /51 .3(72 .3/56 2| 1006-7
35.0{31.2(47.156 .5/65.173.6{70.0|74 2|68 .4/50 846 4|37 .0|56.2/35 1/56.2]75 6|58 .2|1907-8
.135.6/42.6/41 8(53.9(64.5(74.176.0/74..4/67 7|54 .8(51.5(33 2,55 838.7/53 .4(74 .8/58 0, 1008-9
34.0(34 8|49 858 .2/62 2(70.4/78 9|74 4|71 .6/60 842 .6[31 .2/55 7(34.0/56.7 74 .6/58 .31009-10
.138.4{36.6/40.8]51.0 73.4!79 276.2(70 408 .3(43.8]41.5/56..6 35.4!53.7 76.3/57.5/1010-11
25.831.5(40.2(54.6(65 4(71.4/76.5(74 4/70.6/60 6/48.6/40.6/55.0[32 953 .4|74.1/50 0 191 1-12
-[45.5/30.2/48.9/55.0/64.0/73.7/78.6/75.2,08 4 50 .6149.0141.4,57 9140 1,56 475 8150 .0/ 1912-13
[87.6/30.2/30.6/65.0/68.0174 4(76.3{77.0166.8(61 4147.0/33.4155.4/36 4/53.575.9 58 4 1013-14
36.0/38 4/30.4150.2/62.2/70.6(76 .9[74.2(71.5,69.6147.0(35 4155 9(35.9,53.6/73.950.4/1014-15
39.5/33.6/37.0(52 .6{66 .6/60.4(78.076 867 6,57 6|47 .3(36.0/55 .23 2/52.1/74 7|58 .2/ 1015-16
35.3/32.243 2153 8159 2173.0/77 .2176..4/64.5/52.6/44 6/28 4153 4/34 652175 557 2/1916-17
[24.2/35 4147 2153.0/69.3(70.9/76 .4 78 .3(65.0,60 8(47.2(41.9/55.7|20.3)56.6 74 .9/57 .7 1917-18
.{38.2137.0146.2/52.964.9/73 4178074 6/70.4/63.0.47.4/33.2/56 6(39.2/54.7 75 3160 3/ 1018-19

1 1 |
..128. l32.8 44 .8|52.8 60.8:72.6'76.0 18 69.8[63.1:47.1'39.8 55.2_31.5|52.8 74.5 60.0 1919-20

1) T I |
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TABLE I11.—MEAN TEMPERATURES, BALTIMORE, MARYLAND—Concluded

Monthly and Annual Mean Temperatures Mean Temperatures
Year 8| 8 o
ilalgldlz|g|n)w|g $g§§'§5§§
g glajal= 2|« | 3 g | .q ]
Slela|<|2|3 (|2 |B[8|Z|/|<|E|&|a|<| &
1921.. . ceeende 37.0/39.0(54.6,58.6/63.1/75.0{80.2(73 9|74 .5{57 8148 .1/37.2/58.2(38.6(58 .8/76 .4/60.1|1920-1
1922000 0i0ens 32.3|38.4/44.8155 .8/67.2/75.1,77.0/74 .1{70.8/60.6/49.0 37.4]56.9 35.9,55.9|75 .4,60.1/1921-2
1923........... 36.6/32.4/44.5/53 .6,63.8/76.7|76.7(74 .870.4!57 .4/46 .4]45.4:56..6/35.5,54..0/76 .1{58 .1{1922-3
1924........... 34.8(34.6(43.052.2/60.2/71.2(76.1/76.0|65.4(59 .4 47 .036 .8/54 .738 .3151.8|74 .4/57 .3 19234
19965000000 33.0/41.8(46.1/56.4/61.2(78.7]77.2(74.7|73 .4|52.7/45 .4;37 .356 .5/37 .2|54 .6(76 .9 57 .2|1024-5
19280 . o oovnnne 34.5/35.6(39.8/51.6/64.5/69.7|77 .4/76.8/69.6 58 .0/45.6/33 .6,54.7(35 852 .0 74 .6/57 .7/1025-6
Ten-Year
Means:
1821-1830.. ..|36.3/37.7(46.1!55.7/65.5/75 .0/78.6/78.0/69 .8|57 .3(48.3/40 .8/57 .4|38 .3|55.8|77 .2,58 .5 1821-30
1831-1840. ...134.1!35.8|43.7/54 2|64 .2(72.6/77 .7 75.4/67.1|55.3/45.1/35.3/55.0/35.1,54.0 75.2|55.8/1831-40
1841-1850....136.7(35.1|42.3(54 ,3|62.0 72.6(77.4/75.9/68.6/54.6(46.3/37.5(55.3|36.4/52.9/75 .3 (56 .5/1841-50
1851-1860. . ..134.7|36.3|43 .8(53 .4,64 .2|73.3/78.0/75 .8/68 .6 57.1/47.4/37.7|55.8(36.2,53 .8/75.7 57.7/1851-60

1861-1870.. ..|35.2|35.7(42.7/54.6/63 .9(74.0/78 .6 76.6i69.8 57.0|47.l 36.956.0(35.9/53.7|76 .4 58.0,1861-70
1871-1880. ...(35.1/36.6/41.9(52.9/64 .674.0/78.7 75.6.67.1.57.1 44.5/36.0/55.3(36 .2(53.1(76.156 .2/1871-80
1881-1890....(33.6(36.7(40.8(53.164.2(72.8 77.2'74.8 68.7|58.0 47.1(38.2|55.4(35.4/52.7/74.9/57 .9|1881-90
1891-1900. ...{33.534.241.7|53 .564.0(73.1/76.775.9,69 .6/57 .0 46 .1|37 .8|55.3|35.353.1|75.2/|57..6/1891-00
1901-1910....134.0/32.5(44 .9/53.5/63 .8(71 .4(77.4(74 .3/69.1|57.2/46.1(35.1(54 .9(34 .8(54 .1 74 4|57 .5/1901-10
1911-1920. . ..134.7|34 .4(42.7/53 .8(65.1|72.3(77.2|75 .8 68 .5(60.0(46 .9 (37 .2/55.8/34 .7/53 .9|75.1 58 .8|1011-20

General |
Averages: | |
1817-1870....'35.4/36.1/43.6/54 .6 63.873.5/78.1/76.4/68 .7|56.0 47.0/37.7|55 .9/36.4|54 .0/76 .0/57 .2 1817-1870
1871-1926. . ..134.2135.1|42.753.5{64 .2i72 .9177.4/75 2|68 .8|57 .8|46.2/37.0 55 .435.8 53.5i75.2[57 .6/1871-1926

1817-1926. .. .|34 .8&35.6}3.2:54 .0i64 .0173.2.77.7/75 .8/68 .8"57.0 46.6/37.3(55 .7!36.0 53.875 .6{57 .3!1817—1926

A study of months and seasons in which the average temperature of
the month rose decidedly above the normal or fell below it shows the
following for Baltimore.
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WARM MONTHS AND SEASONS
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In
Month excgss Year
o
January........... 6° | 1824, 1828, 1843, 1858, 1870, 1880, 1890, 1913.
February......... 6° 1820, 1827, 1828, 1834, 1857, 1890, 1909, 1925.
March............ 6° 1825, 1826, 1859, 1865, 1903, 1910, 1921.
April............. &) 1817, 1822, 1823, 1827, 1865, 1915.
May.............. 4° 1822, 1826, 1833, 1848, 1864, 1865, 1880, 1896, 1911,
1918.
June.............. 4° 1828, 1858, 1865, 1870, 1925.
July.............. 8% 1822, 1830, 1834, 1838, 1856, 1868, 1870, 1872, 1878,
1887.
August............ 8° 1819, 1821, 1822, 1827, 1828, 1830, 1864, 1868, 1870,
1872, 1900.
September........ 4° 1826, 1865, 1881, 1900, 1921, 1925.
October........... 4% 1855, 1879, 1881, 1882, 1900, 1914, 1917, 1919.
November........ 4° 1822, 1830, 1849, 1850, 1854, 1866, 1896, 1902, 1909.
December......... 57 1824, 1827, 1829, 1848, 1857, 1877, 1881, 1889, 1891,
1923.
Winter............ 4° 18234, 1824-5, 1827-8, 1849-50, 1850-1, 1857-8, 1869-70,
1879-80, 1889-90, 1912-13.
Spring............ S 1822, 1826, 1827, 1831, 1865, 1871, 1921.
Summer........... 29 1819, 1821, 1822, 1827, 1828, 1830, 1838, 1868, 1870,
1872, 1900.
Autumn........... SR 1822, 1830, 1854, 1855, 1881, 1900.
Year.............. 92 1822, 1826, 1827, 1828, 1865, 1870, 1913, 1921.
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COLD MONTHS AND SEASONS

Defi- |

Month cli;g:g' Year
than

January......... .| 6° | 1821, 1840, 1856, 1857, 1867, 1893, 1904, 1912, 1918,
1920.

February......... 6° | 1829, 1836, 1838, 1856, 1875, 1885, 1895, 1899, 1901,
1904, 1905, 1907.

March............ 6° | 1836, 1843, 1856, 1872, 1885, 1916.

April............. 5° | 1841, 1857, 1874, 1875, 1907.

MRV, . ooboa 4° 11820, 1841, 1843, 1861, 1882, 1907, 1917.

June.............. 4° | 1836, 1862, 1903, 1907.

July.............. 3° | 1862, 1888, 1891, 1895,

August............ 3° | 1836, 1861, 1866, 1874, 1903,

September...... .. 4° | 1835, 1840, 1863, 1871, 1879, 1917.

October........... 4° | 1819, 1820, 1834, 1836, 1838, 1841, 1844, 1859, 1863,
1876, 1888, 1925.

November........ 4° | 1820, 1838, 1839, 1842, 1844, 1873, 1875, 1880, 1901.

December......... | 5° | 1831, 1840, 1845, 1872, 1876, 1880, 1886, 1904, 1910,
1917.

Winter............ 4° | 1855-6, 1866-7, 1880-1, 1892-3, 19034, 1904-5, 1917-18,
1919-20.

Spring............ 3° | 1836, 1841, 1843, 1857, 1874, 1875.

Summer........... 2° | 1836, 1846, 1862, 1886, 1891, 1903, 1904, 1907,

Autumn........... 3° | 1836, 1842, 1844, 1876.

Year.............. 2° | 1836, 1841, 1863, 1875, 1893, 1904, 1907, 1917.

Ezxtremes of temperature—A econsideration of the eold and warm
months and seasons leads naturally to a study of the extremes of tem-
perature reached in Baltimore and its vieinity. The general eondi-
tions are shown in Plate XXII. These differ from the averages and
range in the Baltimore reeords from a minimum of 7° below zero
(Feb. 10, 1899) to 105° above (Aug. 6,1918). The greatest variability
in extreme eonditions oceurs in the winter months with a gradual
deerease to more uniform econditions in the summer. At Baltimore
during the hot spell of Aug. 5-9, 1918, all the existing records of high
temperature were broken, while the lowest temperatures recorded were
reached in the eold spell of February, 1899. The records at stations
outside of Baltimore show similar extremes, but the values are differ-
ent. At Woodstoek the temperature was 103° in Aug. 1918 and —14 in
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Jan. 1893 and 1912; at Fallston 103° in Aug. 1918 and —14 in Feb-
ruary 1899.

The variability of temperature eonditions during the last years of
the nineteenth century and the first of the twenticth were exceptional.
March, 1921, was the warmest March in 56 ycars while the summer of
1903 was the coolest and the winter of 1917-18 the coldest in a hundred
years. The absolute extremes in temperature at Baltimore during the
last 56 years (1871-1926) are given in the following table:

ABSOLUTE EXTREMES OF TEMPERATURE 1871-1926

Al o | pw Mg v | o A
December............ 73° | 1873 4 i —3° | 1880 30 76°
January.............. 74 1907 7 —6 1881 1 80
February............. 78 1874 23 =7 1899 10 85
March................ 88 1921 21 5 1873 4 83
April....... ..ol 04 1896 18 15 1923 1 79
DL oo o ireiee eotorarore orels 98 1925 23 34 1876 il 64
JUMEL. . e e v oo ioivionon 101 1925 5 46 1913 9 55
T . . oise e serere cere oo 104 1898 3 55 1891 8 49
August............... 105 1918 6 51 1890 24 54
September............ 101 1881 7 39 1888 30 62
Oetober.............. 92 1919 3 30 1876 16 62
November............ 79 1900 21 15 1880 22 64
Winter............... 78 1874 | Feb. 23 | -7 1899 | Feb. 10 85
SPBIRE........c000ueis 98 1925 | May 23 5 1873 | Mar. 4 93
Summer.............. 105 1918 | Aug. 6 46 1913 | June 9 59
Autumn.............. 101 | 1881 | Sept. 7| 15 | 1880 | Nov.22| 86

[

WEBL. . . cieie e ifencne it 105 1918 | Aug. 6 | —7 1899 | Feb. 10 | 112

The highest and lowest temperatures recorded during each month
and year for the same period, 1871-1926, at Baltimore are shown in
tables IV and V with the average values for each ten-ycar period and
for the entire period.
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TABLE IV.—MONTHLY MAXIMUM TEMPERATURES

g
5 g e S ] > & « 5| g g 5
[ & = B2, -

Sl al8 3| H|&|SUS]E T
187, . h% . o o 63 66 |71 |85 (90 |91 |92 |91 |81 (78 [69 [53 | 92
1872. .. . Jo. . 56 (61 (65 |88 (89 (94 |97 (96 |94 (80 (63 |55 | 97
1873........... 58 162 (68 (75 |89 (95 |96 [94 |93 [73 (64 [73 | 96
1874........... 69 (78 |72 168 (89 198 |96 |97 [90 (78 |71 l67 | 98
1875........... 52 |59 63 (74 |88 |97 |96 [88 |92 (77 |66 |67 |97

69
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TABLE IV.—MONTHLY MAXIMUM TEMPERATURES—Concluded
2
%= -5 . EL:
g | s | §|° C - - - - I g | €4
I S (e - A -
1906........... 64 (61 (65 [87 (94 |94 [91 |96 |94 [80 |65 |68 |96
1907........... 74 |54 186 |80 |84 [90 (93 |91 |90 (79 |63 (66 | 93
1908........... 57 |66 (80 |87 |80 (98 |97 |95 |86 |85 |71 |80 | 98
1909........... 61 70 (74 89 |90 |94 |94 [98 |82 |80 (78 (62 | 98
1010........... 58 167 83 192 85 [95 |95 (90 [ 96 (90 (64 |58 | 96
1911........... 62 (64 (74 (74 lo5 |99 [98 [98 [89 (78 |71 (61 | 99
1912y . ... ... .3 59 |58 |72 (80 (89 | 93 94 |92 (94 (85 [76 |71 94
3 (0 13 68 (68 (78 (84 |91 97 98 98 |92 |77 {76 |63 98
1914........... 72 |57 (75 |85 |94 | 96 99 | 97 94 85 |79 163 99
1915........... 58 150 160 89 85 |90 [95 [96 |93 (80 (76 |58 | 96
MON6 Y. . . . b 71 |58 64 (76 192 |86 |93 |98 |94 (86 |75 |70 | 98
1907, .. ... oo 57 (64 |78 (85 [86 |94 [99 |98 |83 (76 (70 {49 |99
1918........... 52 |61 |78 |80 (04 |96 |94 (105 |82 (82 |69 (67 (105
919N . o . oo 64 159 |75 (73 193 |95 102 |94 |95 |92 |73 (68 (102
1920........... 58 |53 [76 (82 |84 | 97 93 91 87 85 |72 (68 | 97
1921.. 166 173 |88 80 |90 |96 |96 |94 |96 (78 |75 (60 | 96
1922. .. .61 |74 |78 |80 89 |93 |95 |92 |95 o1 |72 [61 | 95
1923........... 64 |54 (80 (84 [90 100 | 99 96 86 |82 (66 65 [100
1924........... 60 |56 |75 (80 |85 96 |95 |100 | 94 |84 |76 66 (100
1925... ..|55 (67 |73 (88 |98 |101 97 93 {92 |76 169 (59 (101
1926.........../164 |57 [76 (85 |87 92 |102 |98 |92 (87 |70 |51 [102
Means.
1871-1880. ... .. 60.9/64.2/69.2/78.7/89.7| 94.6| 96.5| 92.5| 88.9(79.3/68.5/61.8 97.0
1881-1890. .. ... 57.6(62.6/67.2(82.8/87 .6 92.8] 95.8| 93.2| 88.3(|81.5{71.9(61.3| 96.9
1891-1900. ..... 58.6/61.9(70.0/83.8/90.2| 95.8| 96.6] 94.8 93.3/82.5[71.1/64.5| 98.3
1901-1910...... 60.5/61.0/76.1(86.2/88.3| 94.2| 96.3| 93.0| 89.6(83.1/69.4/61.7| 97.5
1911-1920.... .. 62.1160.1/73.0180.8/90.3! 94.3| 96.5] 96.7! 90.3/82.6/73.7/63.8] 98.7
1921-1926...... 61.7163.5/78.384.389.8| 96.3| 97.3| 95.5 92.583.0/71.360.3( 99.0
1871-1026.... .160.1/62.1/71.9/82.689.3| 94.6| 96.4( 94.2| 90.3(81.9/71.0/62.4 97.8
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TABLE V.—MONTHLY MINIMUM TEMPERATURES

] ©
_E
. | £ T2l ] 2| i 3 > 2%
I = R - S I S - g | B
Al id|8S|212|2|2|8|2|& |88
1871............ 14 |10 (36 |42 (51 62 (60 63 (45 140 [28 | 5 | 5
187280 - e 11 |15 (9 (38 [48 [58 (68 (62 [50 (38 [17 | & | 6
18730 —4 | 2 |5 |38 |44 |49 |62 {57 140 (30 [22 |22 |—4
1874, ... 13 |15 (23 |27 {41 |54 (62 |52 [53 (35 |24 |21 | 13
1875 —2 | 4 |19 [24 l42 |54 (62 (58 43 (34 (16 |12 |—2
1876 .. ..o .. 17 |12 (12 |30 134 |51 |50 |55 {45 [30 |25 | 1 | 1
UBTE. ... . 53t 1 |18 |9 382 141 |55 |64 (63 |48 |41 [25 |22 | 1
1878. ... 6 |20 |21 142 143 |51 (65 |50 (47 35 (33 |15 | 6
1B7aL... A 0 |12 |24 |20 (43 (52 |60 |56 |40 (30 |20 [13 | O
1880............ 17 15 |22 130 |38 (52 (62 [61 (50 (35 |15 |—3 |-3
1881, ........... —6 | 4 (27 |25 |46 (55 (65 |60 [50 (39 [24 |24 |—6
1882............ 7 |23 [26 |29 38 (53 (59 |57 [48 |44 (26 |10 | 7
1883......o..... 11 |22 (16 (30 (45 |55 |62 |59 {46 |40 (23 |17 | 11
1884............ 8 |10 |14 (34 45 152 (60 |50 (49 35 [26 | 9 | 8
1885............ 10 3 |12 |32 [44 (56 |56 |53 |46 138 |32 15 3
1886 .. .ooo... 2 |—1 |15 (34 (45 |52 [50 |58 [50 136 (26 | 15 |[—1
1887 .. oo, 7 |21 |21 [30 |51 |52 |67 |55 |42 |32 |25 |16 | 7
1888............ 9 11 (12 |33 |41 |52 |57 (55 |39 (36 (25 16 9
1889 ... ..., 20 | 3 (28 34 |43 |52 |61 (58 [46 [34 [28 |23 | 3
TEO0R: 1) 15 20 |23 |12 |31 (43 |55 [55 [51 (46 (36 (26 | 18 | 12
1891............ 21 |16 |16 (30 |40 |47 |55 (54 |[51 (33 |18 |17 | 16
1892... ..., 12 |14 (20 (32 |46 |54 |58 [60 |40 [34 |21 |14 |12
1898...0......0... 1 (11 (16 (36 [45 |57 |58 |57 144 (31 |22 |18 | 1
1894............ 18 | 8 [20 (30 [43 |47 |56 |57 |45 36 |2a | 7 | 7
1895......ce.t .. 9 1 |21 34 (40 (53 155 [57 (46 (34 (26 14 1
1896............ 9 | 5 (16 {31 |47 |54 (61 54 |46 (36 |20 |14 | 5
1897..coeee.. .. 8 (18 [28 (20 |44 |48 (62 60 (45 (38 |27 |16 | 8
1898 .. ..o, 17 |10 |27 (26 |40 [55 |57 |50 |52 [34 [24 |14 |10
1899............ 6 |—7 (26 [20 |47 |55 [50 [58% (42 |84 381 | 9 |—7
1900............ 10 | 8 (12 [30 |40 [55 {58 61 |50 (36 [28° |15 | 8
1901............ 14 |14 {13 37 |47 [52 |64 [61 46 37 |24 |11 |11
1902............ 17 |13 |20 35 |43 (53 |62 |55 [48 (34 [82 |18 |13
10082......h. ... 12 | 5 |29 [27 37 [53 (50 (58 43 (35 [18 |11 | 5
1904............ 2 | 5 |20 |27 |43 |50 |57 |55 |40 31 [23 |12 | 2
1905............ 6 | 5 |20 (33 |46 |53 |62 |56 (45 (36 |24 |20 | 5
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TABLE V.—MONTHLY MINIMUM TEMPERATURES—Concluded

g
3 3 ‘é i IR I L | o e et > $ é%
i et (el S e R A
1906............ 17 | 8 |20 |31 138 |54 [58 [63 |51 (33 (32 |13 | 8
1907 ..ot 11 | 9 (21 (28 (39 47 |59 (58 (46 (33 (29 120 | 9
1908............ 10 | 9 |27 (30 |40 |55 |64 |55 |47 (39 [22 |23 |- 9
1909. .. ..., 12 |17 |24 |28 141 |56 [58 [58 (47 35 (32 | 9 | 9
1910, .......... 13 | 8 |28 {40 l44 48 |61 |57 |53 32 (28 |12 | 8
TOLIR 20 |20 {14 (27 [41 |57 |61 |58 |49 [41 [22 |26 | 14
1912............ —2 | 6 |19 [32 [43 |52 |61 |57 |46 [42 (28 |20 |-2
1913............ 25 |14 (18 (35 |40 [46 |61 [59 |47 [37 |20 |25 | 14
o) L 5 | 8 [15 (31 |43 |55 (57 |57 |45 33 {26 | 5 | 5
005, ..o 16 |17 (23 (32 |43 (48 |61 |56 (46 (38 [20 |22 | 16
TGIBR: 1 fore s 3 10 | 8 |13 (32 |47 (53 |60 |59 |46 |40 [25 |13 | 8
1917 . 15 | 4 |22 |28 |42 (53 |63 |57 |43 (30 |23 |[—2 |[—2
1918............ 4 0 |22 133 (43 |52 [58 |58 (46 (40 (28 | 25 0
1919............ 11 |22 (29 (25 [46 |54 |60 |58 |51 [41 [31 | 7 | 7
1920, ........ 9 | 8 (18 [32 |43 |54 |56 (58 [49 [39 |25 |22 | 8
1921............ 10 |20 |26 [31 |45 (54 |66 |59 (60 (38 (31 |12 | 10
1922, .00 13 | 8 |24 (34 (46 |50 (61 (59 |47 (37 (29 |16 | 8
192350 . 20 |12 (18 |15 (38 (58 (59 (55 (48 (39 (32 |24 |12
1924, ...l 7 |18 |26 |28 |45 [53 (60 |58 |45 (36 (26 |15 | 7
TBIZ15, ol s & ok 4 |18 |12 34 140 56 [59 |56 |49 (30 (28 [ 13 | 4
1926............ 8 [ 15 (18 (30 (43 |49 (60 (59 |51 (36 (26 |11 | 8
Means
1871-1880. ... ... 7.3| 12.3|18.0(33.2[42.5/53.8/62.4/58.6/46.1(34.8|22.5| 11.4| 2.3
1881-1890. .. ... 8.8| 11.9(18.3/31.2/44.153.4/60.1|56.5(47.1[37.0126.1| 16.3| 5.3
1891-1900. ... ... 11.1| 8.4/20.2/30.7|43.2/52.5|57.9/57.7|147.0134.6/25.0( 13.8 6.1
1901-1910....... 11.4] 9.3/22.2|31.1/41.8(52.1/60.4/57.6/46.6/34.5(26.4| 14.9] 7.9
1911-1920....... 11.3} 10.7/19.330.7/43.1/52.4/59.857.7/46.8/38.1126.6{ 16.3| 6.8
1921-1926. . .. ... 10.3 15. 220. 7|28 7042.8/54.860. 8/57.7/50. 0|36 0.28 7 15.2| 8.2
1871-1926. . . .. .. 10.0 5.9

11.0{19.7/31.1/42.9/53.1/60. 257 647 135. 8|257 14.6
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FREQUENCY OF DAYS WITH FROST

The frequency of occurrence of days with a temperature of freezing,
especially in the spring and autumn is a subject of great practical
importance in agricultural and commercial affairs. Light frosts occur,
especially in low places, when the temperature records show a minimum
of 36° or even 40°. This is due to the fact that the thermometers are
placed in “‘shelters’” above the ground; at the ground surface the tem-

Jan. Fea Mcw,  Asn May June Jury Ava, Serr  Ocr, Nov. pec.  Year.
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Fra. 16.—Greatest Daily Range of Temperature

perature may fall considerably below that of the air but a few feet above
the surface. This discrepancy is particularly marked when there is
considerable moisture in the air. Early records of first and last frosts
are deduced from thermometer readings but the actual observation
of frost on the dates recorded has been used since the establishment of
the Maryland Weather Service in 1892. The number of days with frost
or a minimum temperature of 32° or below varies from year to year and
from place to place. The greatest number of frost days recorded in a
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single year was 143 at Woodstock during 1917. At the same station
in 1913 the record was only 74 days. An average year or winter season
in Baltimore County would probably have 110 to 115 days when the
lowest temperature of the day will be below freezing and 15 to 20 cold
days with a minimum temperature below 14°. The winter temperature
in the northern part of the county is usually 4° to 5° lower than the
temperature of the low areas along the Bay. This difference in tem-
perature between the different parts of the county persists throughout
the year but is less marked in the summer months. With these differ-
ences in mind, it is possible to consider the duration of periods of con-
secutive days in which the minimum temperature was below 32°.
According to the Baltimore records the longest period of this char-
acter was in the winter of 1917-1918 when the minimum temperature
was 32° or below every day from December 25 to February 6, or 44
days. During a number of years the longest period was only 9 days
while the average length of uninterrupted periods of freezing weather
is 19 days.

FREQUENCY OF COLD WAVES

A cold wave in Baltimore County as defined by the U. S. Weather
Bureau, is a fall in temperature of at least 20° in twenty-four hours, to
a minimum of 20° in the winter months and a minimum of 28° in March
and November. Such cold waves have occurred in Baltimore on the
. average about three times a year. During the period from 1871 to
1926 there were four seasons without a cold wave, namely 1873-74,
1885-86, 188990, and 1918-19 and six seasons, 1871-2, 1884-5, 19034,
1905-6, 1917-18 and 1924-25 which had as high as six waves. These
cold waves are naturally most frequent in the winter months, but the
greatest fall in temperature within twenty-four hours was recorded
March 28-29, 1921 when the temperature fell 57°.

KILLING FROSTS AND THE GROWING SEASON

Few climatic factors arc of as much importance to the farmers as
the average date of occurrence of the first “killing” or “black” frost in
the autumn and the last frost in the spring since the interval between
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these events is the average growing scason. The dates for the first
“killing” frost of the autumn are shown in the following table:

Killing Frosts enpthio
N Growing Season
Autumn Spring

g 2 2 2 2

3 = o g Q3

T e o) ko] "

i E o - oy =S Y ©

& | 2 | g8 | g2 | #3 | 23 | E ¢ | 2

S 2 2% 2% 2% 55 | 8| €| 8

& < ) i < & S|l < |4
Baltimore................ Oct. 1| Oct. 20| Nov. 22‘ May 12 | Apr. 16 | Mar. 13| 279 [ 187 | 174
McDonogh..ovovivnnn... Sept. 23| Oct. 27| Nov. 18] May 11 | Apr. 13 | Mar. 26 | 228 | 197 | 154
Woodstock................ Sept. 23| Oct. 14| Nov. 7| May 16 | Apr. 19 | Mar, 22 | 222 | 178 | 139
Fallston (Harford Co.)...| Oct. 3| Oct. 19| Nov. 3| May 12 | Apr. 18 | Mar. 19 | 224 | 184 | 154

"The foregoing dates, based on actually observed frosts do not indicate
exactly the growing season for two reasons. A deposit of frost requires
not only a freezing temperature but also a high content of moisture in
the air in contact with the ground. The temperature may be below 32°
without the formation of frost. The interval between the last and first
occurrence of a minimum temperature of 32° is on the average 196 days
in Baltimore or 9 days more than the average interval between frosts.
The probability of an injurious frost sometime in April is approximately
68 per cent, as freezing temperatures have been recorded 38 times in 56
years. Twenty-seven of these occurred between the 1st and 10th and
only 1 after the 20th. The second reason lies in the fact that the physio-
logical activity in plants necessary to produce growth requires a mean
daily temperature of at least 43 degrees. Such days may oceur in every
month of the year and have totaled on an average 266 days a year at
Baltimore. The longest period with a mean daily temperature of 43°
and above occurred in 1913 and contained 297 days; the shortest in
1886 and 1904 with only 244 days. The average growing season is
therefore about 9 months with absolute freedom from frosts during 7
months of the year.

WARM DAYS IN SUMMER

Extreme variations in maximum temperature are less marked than the
variability in minimum temperatures. They are also of less importance
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in agrieulture but leave greater impressions because of their diseomfort,
especially in eities and large industrial plants. It is relatively easy to
avoid or neutralize the effects of extreme cold but the enervation and
discomfort of extremely hot humid periods are almost unavoidable
exeept by those who can flee from them to the mountains and seashore.
Unless the humidity is very high temperatures below 90° are not un-
comfortable or enervating. This value is therefore taken as the eritieal
one and the frequeney of oeeurrence of days with higher maximum is
chosen as the basis for the study of hot days in summer. Such days
generally oeeur from June to September, though one or more hot days
may oceur in April, May, and October. The highest number reeorded
in one year was during the well-remembered summer of 1900 when 44
days with a maximum above 90° were recorded at Baltimore. This
‘“‘hot spell” oeeurred late in July and in August and extended well into
September. The temperature was above 90° over half of the days of
July and August, reaching a maximum temperature of 99° to 100° on
two consecutive days in July and six in August.

HuMiprTy

The atmosphere enveloping the earth is eonstantly receiving moisture
from the earth and giving it baek in the form of rain, snow, and dew.
This eonstant interehange is affected by ehanges in the relative tempera-
ture and density of the air. The amount of water vapor which a given
volume of air ean contain is a quantity fixed by the temperature of
the air; it rapidly inereases with rise in temperature. Thus a eubie
foot of air at 50° when saturated at sea-level pressure ean hold about 4
grains of water vapor, at 70° 8 grains; and at 100° about 20 grains. By
rating the amount of water vapor present at the point of saturation or
dew-point as 100 the relative humidity of the atmosphere ean be de-
seribed in per eent. Thus if the air at 70° is saturated when it eontains
8 grains of water vapor the relative humidity will be 50 when it has only
4 grains. Stated in another way—when the absolute humidity of the
air is 4 grains the relative humidity will be 100 if the air has a tempera-
ture of 50°, or 20 if the air is 100°,
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*Since the amount of water vapor held by the air varies with the
temperature it is evident that there must be a more or less regular de-
crease from the equator to the poles. At the equator the average
amount of vapor may reach about 11 grains per cubic foot, or approxi-
mately 20 tons per cubic mile. The atmosphere of Baltimore and
vicinity with a mean annual temperature of 55° may contain (at satura-
tion, or maximum content) about 5 grains per cubic foot or something
like 9 tons per cubic mile. The temperature of the atmospheric en-
velope also varies from the surfacc upward so that most of the water
vapor actually present is in the air within 2 miles of the surface. Prob-
ably nearly half of the total content is within the air strata not overa
mile above the ground. If the atmosphere and earth were motionless
there would be a steady decrease in the amount of water vapor from
the equator to the poles; from the surface of the earth upwards; and
from the oceans toward the interior of the continents. This general
distribution is, however, modified by the inequalities of the earth’s
surface, their height and character, and by the winds.

The moisture of the atmosphere, though invisible, has a benign
influence on living conditions. The specific heat of water is so much
higher than air that the moisture present tends to temper the tempera-
ture and reduce extremes. Clouds and moisturc-laden air screen part
of the sun’s heat from the earth during the day and reduce theradiation
of heat from the earth during the night. Without its influence the
changes in temperature through the day would be extreme everywhere
as it is now in Death Valley and other arid regions. Without the move-
ments of moisture-bearing winds there would be little or no rain or
snow and tracts far from oceans and great lakes would be sunburnt,
arid wastes.

Notwithstanding the many essential benefits which it confers this
same water vapor in the air adds much to man’s personal discomfort.
To it is due the oppressive, muggy weather when the temperature is
high and the raw, penetrating cold when the temperature is low. A
summer temperature agreeable when the air is dry becomes oppressively
hot when the humidity is higher than 75 or 80. On the other hand,
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during cold weather a tempcrature of 15° above zero with a similar
humidity, as is the case in Baltimore and vicinity, causes suffering,
while temperatures 35° lower arc enjoyable and exhilarating in regions
where the humidity is only 25 to 30 per cent.

The relative humidity of the atmosphere cannot be told by the eye
until it approaches the saturation point. Just before this point is
reached the air may become unusually clear and distant points appear
near at hand as on the brilliant days sometimes called “weather breed-,
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F16. 17.—Mean Hourly Relative Humidity. The hourly humidities are
expressed as pereentages, 100 per cent representing eomplete saturation. The
light shades represent the lower humidities, or the dryer portions of the day and
year; the heavy shades, the time of higher humidities. The dotted lines, S.R.
and S.S. indicate the time of sunrise and sunset respeetively. The diagram is
based on the 30 months’ reeord of a Riehard hygrograph. (After Fassig.)

ers.” When the dew-point is past the moisture becomes visible in

the form of clouds, fog, dew, rain, snow and frost. Which of these
may occur depends upon many factors, such as the temperature,
elevation, proximity to bodies of water, and the movements of the
atmosphere.

VARIATIONS IN HUMIDITY

The humidity of the atmosphere at a given point varies greatly from
day to day and hour to hour even in clear weather and the change is
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especially marked during the course of a summer thunderstorm. Al-
though the actual conditions may depart widely from the mean average
conditions a study of the latter is helpful. From the continuous auto-
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Fig. 18.—The Mean Monthly Relative Humidity. The diagram is based on
direct observations at two or three stated periods of the day during a period of 30
years; the average values were corrected for the diurnal variation, and expressed

as percentages of total saturation.

(After Fassig.)
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Fia. 19.—Variations in the Mean Annual Relative Humidity.
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After Fassig.)

matic records of the variations in relative humidity conditions made in
Baltimore, Dr. Fassig has shown that the diurnal variation “is repre-
sented by a simple curve with its maximum point at about 5 a.m. for
the year, but varying between 4 a.m. and 7 a.m. according to the
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season.” “The minimum point, or the dryest time of day, oceurs
between 1.30 p.m. and 3.30 p.m.” The average eonditions of relative
humidity by hours and months are shown in the aceompanying figure,
The monthly and annual means for relative humidity were also obtained
from the Baltimore reeords for the period from 1871 to 1903 and his
results are shown graphically in figures 18 and 19. These show that
the normal amount of moisture for the entire year is about two-thirds
of the total eapaeity of the atmosphere for water vapor, namely, 68.7
per eent. The mean monthly amounts vary from season to season,
being greatest in the month of September (73.1) and least in the month
of April (62.0). '

The monthly values for individual years vary eonsiderably, the
greatest range (28.5) occurring in October and the least (12.0) in Janu-

ary. The variations in the mean annual relative humidity range from

70.5 to 64.0 without well defined eyeles.

ABSOLUTE HUMIDITY

The absolute humidity or the actual weight of water vapor present
from hour to hour, day to day, and year to year, has little -apparent
effeet and varies in general with the temperature of the air. In general,
there is a steady inerease in the absolute humidity from January to
July. The means obtained from Dr. Fassig’s study of the records for

five years from August, 1881 to July 1886 are given in the following
table.

MEAN ABSOLUTE HUMIDITY
(Weight of the vapor of water in grains per cubic foot)

ng‘xiggn Jan. | Feb. | Mar. | Apr. [ May | June | July | Aug. | Sept. | Oct. | Nov.| Dec. | Year

5410569900000 1411158}11.78(2.7213.80|5.56)6.505.9815.29(3.83|2.26(1.74]3.082

. ... 1.47 | 1.66(1.7812.71 [3.80|5.50| 6.12 | 6.06 | 5.53 | 3.87 | 2.36 | 1.82 | 3.222
160 |1.71]1.84|2.78 |4.02|551(6.11)|6.16 | 548 | 4.06 | 2.49 | 1.91 | 3.267
. 15771.72)1.0113.0114.20)5.79 668638 |5.79|3.96|247 | 1.88 (3.437
154 11721182293 |408|582 671|638 |561|4.03)|248|1.83]3.327

Average. . B 1.519| 1.678; 1.827| 2.828, 3.997| 5.639) 6.425/ 6.103| 5.539) 3.951| 2 .411| 1.836| 3.267
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PRECIPITATION

When, as through change in temperature, the amount of water vapor
is more than the air can contain under the new conditions, the invisible
vapor becomes visible in some such form as dew or rain. The conditions
and mode of formation of these manifestations may be summarized as
follows:

General conditions: Whatever favors the lowering of temperature of the air
favors the production of dew, fog, clouds, rain, ete.

Dew: Formed by the cooling of the lower strata of the air and the warm earth
by radiation during clear, cool nights.

Frost: Formed by the same conditions as dew when the temperature is below
freezing.

Fog: Formed near the surface of the earth by the mixing of warm moist air
with colder air; also by radiation.

Clouds: Formed high above the earth by mixing of air currents of different
temperature. Chiefly by the cooling of ascending warm moist air. The
higher clouds consist of minute ice crystals which remain suspended in
the air because of their relatively large surface and slight weight.

Rain: Formed by the coalescing of minute particles of moisture into large
drops too heavy to remain in suspension in the air.

Snow: Due to the formation of crystals of ice which are too large to remain in
suspension.

Hail: Formed by the alternate partial melting and freezing of snow pellets
falling through layers above and below freezing temperature.

Precipitation in its various forms is essentially dependent upon the
moisture in the air (the absolute humidity) and upon the temperature.
Both of these factors, as has been shown in the prece ding pages, vary
from the equator to the poles and there is naturally a similar variation in
the precipitation. Rainfall in the equatorial regions averages about 75
inches per year, and decreases towards the polar regions where the pre-
cipitation, chiefly in the form of snow, is less than 10 inches per year.
This decrease is by no means regular for the irregular surfaces of the
continents and their distribution give rise to local variations in the
distribution of atmospheric pressure, the direction of prevailing winds,
and other factors which affect the rainfall locally.
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INFLUENCES AFFECTING RAINFALL

The major factors affecting rainfall which produce irregularities in
its distribution are the relative positions of sea and land, irregularities in
the land surface or its topography, and variation in atmospheric pressure.
Oceans, seas, and continental lakes are the great sources of supply for the
moisture in the atmosphere and it is natural that this, with the resulting
precipitation, will be greatest along the coasts and least in the arid
interiors of the largest land masses. Thus there is a steady decrease in
the amount of the annual rainfall from the Atlantic and Gulf coasts
towards the interior of the country from 50 to 60 inches along the coasts
to 15 to 20 inches in the Rocky Mountain region. The influcnce of
topography in modifying the rainfall is one of the most evident and
easily understood of all the factors involved in precipitation. The
warm, moist winds of the lowlands flowing inward are forced up the
sides of mountains and are cooled by elevation so that they cannot hold
all the moisture contained by the air when warm. Thus the windward
sides of the mountains are as a rule marked by high precipitation and the
leeward sides by dry cool air. The elevations in Baltimore County are
not sufficient to show any appreciable differences such as occur along
the Pacific Coast where the Coast Range and the Sierra Nevada Moun-
tains rise rapidly from sca level to altitudes of over 10,000 feet.

The influence of atmospheric pressure is, however, felt within the
limits of the county but this is due to the passage of alternations of high
and low pressure across the area and not to persistent local differences in
specific localities. In general when the barometer is high the rainfall
is poor and the skies are clear or flecked with clouds. When the barom-
eter is low the skies are cloudy and rain is frequent. This is due to
the fact that the winds flow from all sides towards the areas of low
pressure and force the air at the center to rise and cool by expansion, to
a point where it cannot hold all the moisture present.

VARIATIONS IN PRECIPITATION

The rainfall varies locally according to the seasons. This may be
rather uniformly distributed month by month throughout the year, as
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it is in Maryland, or limited to the summer months as in the tropics or
to the winter months as in the states along the Paeific coast. Similar
variations oeeur in the rainfall during the day. During the winter and
spring months the precipitation is fairly uniform throughout the day
while the showers and thunderstorms of the summer are most abundant
in the hours of the late afternoon or in the carly evening. The average
hourly frequency of precipitation at Baltimore from January 1893 to
the close of December 1902 is shown graphically in figure 20. The
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Fi1ac. 20.—Average Hourly Frequency of Precipitation. The heavy shades
show the time of most frequent occurrence of precipitation during the day for
every month of the year. The small figures attached to the irregular curved
lines show the average number of times precipitation was recorded per month at
the times indicated. (After Fassig.)

duration of preeipitation also varies according to the seasons. The
average rain period is a little less than eight hours in Baltimore. During
the winter, spring, and fall when the storms are due to well defined
eyclonie depressions, they last from 9 to more than 13 hours, but in the
summer the thunderstorms and summer showers seldom last over two
hours. The period of actual precipitation is not the same as that of
the storm which eauses it. Usually there are a series of showers sepa-
rated by intervals of a few minutes or hours with little or no precipita-
tion. This is less eharaeteristie of a ‘“‘northeast storm’ where the rainfall
is more persistent but even here there is a marked variation in the
intensity of the rainfall. The Baltimore records indicate that there are
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probably not more than three or four storms a year with an uninter-
rupted rainfall of more than 24 hours.

Onec of the longest continuous periods of actual precipitation recorded
in Baltimore oceurred in the spring of 1895 when rain fell for practically
102 consecutive hours. The total precipitation for the entire period
amounted to 3.69 inches.

The uniformity of distribution of preeipitation is of more importance
to the farmer than the total amount each month or year. In this
respect Maryland is particularly fortunate. Droughts and exeessive
rainfalls are rare and precipitation is well distributed throughout the
year. Days with an appreciable amount (0.01 inch or more) of precipi-
tation average about 126 a year. They are most frequent in January
and March and least frequent in September and Oectober. From this
average the departures are not exeessive. To this number might be
added the forty days a year which show light sprinkling rains or mists
which have a beneficial effect on the growing crops.

MONTHLY, SEASONAL AND ANNUAL AVERAGES

Although there are many factors modifying the amount of precipita-
tion from day to day and month to month it is customary to represent
the general conditions at a specific locality by means of monthly,
scasonal, and annual average amounts. This can be done wherce there
arc records of econtinuous observations for a long term of years but even
thesc may be unduly affected by cxcessive rains, like that at Jewell,
Anne Arundel County, on July 26, 1897, when nearly 15 inches were
recorded during a loeal thunder storm. The average monthly preeipita-
tion at the various stations in and adjacent to Baltimore County are
shown in the following table:



378 CLIMATE OF BALTIMORE COUNTY

MONTHLY AND ANNUAL PRECIPITATION
(Inches and Hundredths)

Station

5
=

Feb.
Apr.
May
June
l July
I Aug
I Sept.
I Oct.
I Nov.
I Dec.
I Year

Baltimore 1871-1926:
i 7.94] 8.70| 7.26] 8.25|11.03]12.28/10.52| 6.85| 6.85| 7.07(62.35
0.46{ 0.88} 1.00j 0.90/ 0.95| 0.64| 0.09| 0.05( 0.44! 0.37(31.57
3.74] 3.31} 3.40| 3.76] 4.65] 4.42| 3.61 2.87| 2.74} 3.10/42 47

Woodstock 1871-1926:
Maximum...................| 7.75{ 6.69| 7.65] 6.52(10.34| 8.90/10.00|11.28| 9.38/10.23| 9.83| 9.29/57.77
Minimum. . 0.79] 1.18] 0.57| 1.12] 0.68] 0.85| 0.23| 0.18| 0.36| 0.63(28 .02
Mean........... 3.68) 3.13] 3.71) 3.77| 4.13 4.31| 3.63| 3.02| 2.84] 3.14/41.79

McDonogh 1876-1906 (-’94-"98):

Maximum.. 6.60] 5.60] 7.50| 7.40110.69| 7.55 9.43| 7.22{ 8.55| 9.40/59.91
Minimum.. 1.25{ 0.76/ 0.68( 1.81| 1.94| 0.31| 0.18] 0.34| 0.49] 0.42(31.55
Mean....... 3.92| 2.70| 3.48| 4.19| 4 .42) 3.58| 3.82| 2.96| 2.91| 3.05/41 42

Towson 1909-1926 (-'19-"23):

Maximum........ 9% %0000 7.40( 5.52) 7.39] 7.62| 5.00| 5.94| 6.67|13.41) 7.02] 5.97| 4.20| 5.23(49.32
0.81| 1.40{ 0.99! 0.78| 0.97| 1.03 0.95] T. | 0.70] 1.62/34.60
3.03] 3.54| 3.15) 3.36| 3.90) 4.78] 3.07| 2.82| 2.48! 3.28/39.90

4.25| 6.84] 5.54| 5.01| 4.23| 5.32| 6.43| 7.44| 7.03| 7.42 4.96| 7.62/52.09
2.23( 0.80] 2.45| 1.92| 1.17| 0.83| 2.16| 1.84] 2.00| 0.53| 0.91| 1.15/37.22
.1 8.13 3.81) 3.98( 3.37] 2.72| 2.94 4.10| 4.27| 4.22 3.49| 2.76 4.09/42 .88

|
8.26| 7.01) 8.75| 8.52(10.41{10.21{12.37|15.63/12 .95 8.06/10.27| 8.14 70.17 1
1.20{ 0.80( 0.84| 1.28| 0.54) 1.05 1.21/ 0.95 0.23 0.23| 0.47| 0.40/35.15
_3.73' 3.63! 3.97| 3.52 3.81| 4.03 4.63 4.87' 4.08 3.41| 3.23 3.61:46.52
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SEASONAL PRECIPITATION

Winter Spring Summer l Autumn

Baltimore:

Maximum. .....ooovviine e 15.90 21323 22.66 17.75

Minimum. ..ot 3.97 5.62 5.95 4.60

D (7 R 9.88 10.54 12.83 9522
Woodstock:

Y 65760000012« WA 18.13 18.67 21.17 26.07

Minimum. ... 3.41 4.64 6.14 4.39

) - (EE 0T e S B AR A - PRI i 9.57 10.52 12.21 9.49
MecDonogh:

Maximum. .....covveeeemanniianen 17 .31 17.39 29552 19.20

MInIMUM. ... o8 eeeveevnneenaninen 5.18 5.50 6.02 35

Mean!. . ... B3 0o R B 9.44 10.10 12.19 9.69
Towson:

Maximum................... ......] 16.76 14.27 21.96 10.21

Minimum. ... ..o 6.95 5.69 7.01 5.26

MBI . .. v e vvine et iennneennnnnaecnsans 9.77 9.72 12.04 8.37
Chase:

MAXIIUD. . .00oneeennaneeseeneansenes 18.85 13.67 16.46 18.11

Minimum. ..ottt et 4.99 8.56 7.43 8.28

(. T OO R R 11.03 10.07 11.31 10.47
Fallston: .

Maximum. ........oveieirieeiiane 19.67 | 23.85 24.21 19.42

MInImMUM. .. vt ee e | 6.37,| 7.35 | 4.55 4.32

Megn’.... .. 0l o el | 10.97 | 11.30 13.53 10.72

EXCESSIVE RAINFALL

Since precipitation is the most variable of all the climatic factors
the foregoing average values give little basis for prediction of probable
values to be expected in any particular month, season, or year. In
general the amount will be slightly less than the average, with occasional
periods of excessive precipitation. When the latter may occur cannot
be foretold. The table brings out the fact that during no month at
any one of the stations has there been an absolute lack of precipitation.
On the whole, it may be stated that there is some general relationship
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between the periods of excessive and deficient precipitation at the
several stations and some suggestions of periodic cycles of wet and dry
years. The interval between years of excessive precipitation is gen-
erally between four and five.

From the Baltimore records which are kept in great detail, Dr.
Fassig? has inferred that the intensity of excessive rainfalls is more or
less periodic but that there is no fixed relation between the rainfall of
the ycar and the character of individual rains. Regions with high
annual or seasonal precipitation do not necessarily have excessive rates
of fall for short periods. Days with a fall of more than 2.50 inches are
relatively few, on an average not over two a year. They are more
likely to occur in the summer and early autumn months in connection
with heavy thunderstorms and are not to be expceted at other seasons
more frequently than once or twice in ten years.

The magnitude of the downpour in periods of excessive rains may be
gathered from the statement that an inch of rainfall is the equivalent of
more than 100 tons or 27,000 gallons per acre, or 7,255 tons per square
mile. In such heavy rainstorms as that of July 12, 1903, when 2.69
inches fell in Baltimore in 30 minutes, the water falling within the city
limits at that time has been estimated as over 17 million tons.

DRY SPELLS

Although Baltimore County is situated in an area where the rainfall
is generally quite evenly distributed throughout the year, it occasionally
has periods of many days in which there is little or no precipitation.
Unless such dry spells occur during the periods of critical crop growth
they are of comparatively slight importance. Periods of two weeks or
more without rain or with less than one-tenth of an inch fall are not
frequent in this vicinity, as ordinarily there are from ten to twelve days
per month with rain of this amount. The longest consecutive period
was 51 days in 1884 when the total precipitation was only 0.39 inches
for the period. The longest periods during the growing secason were in
the summer of 1893 (45 days with 0.55 inch), 1877 (34 days with 0.17

2 Md. Weather Service, Vol. ii, p. 200 seq.
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Fua, 1 Yiew of Gunpowder Hiver pear laeh Raven showdng the hardwiodd Torest on
the Baltimors ity Watarshe

Fron 2 —New of Gunpowder itiver pear Looh Basven showing the mixed hordwond fprost

' on the Haltimom City Watershed
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inch), 1881 (33 days with 0.16 ineh) and the early spring of 1903 (36
days with 0.36 inch). Dry spells are most frequent in October, after
the harvest season, but are comparatively not infrequent in May when
a lack of moisture in the ground is a serious matter.

WET SPELLS

The average duration of rainfall at Baltimore is a trifle less than 8
hours. Periods of rain or snow eontinuing more than two or three days
oeeur only once or twice a year although longer periods are on reeord.
During a storm in April 1901 rain eontinued intermittently for seven
days with a total preeipitation of 2.03 inches and in May 1894 there was
a period of 11 days during which rain fell 63 hours with a total precipita-
tion of 4.45 inches. The periods of excessive rainfall occur more
frequently in the summer than at other seasons.

The number of rainy days in a normal year is 126 but in dry years there
may be as few as 96 (1909) days and in wet years as many as 164 (1889).
The normal preeipitation is approximately 42.5 inches.

SNOWFALL

Reeords of the depth of snowfalls have been kept in Baltimore sinee
1883 and of the frequeney sinece 1871. From these it appears that
the average seasonal fall is 24 inches distributed through 6 months.
The largest amount during any one winter was 51.1 inches (1898-99)
and the least 4 inches (1918-19). February is the month of greatest
snowfall, the amount ranging from 33.9 inches (1899) to 0 in 1884, the
average fall amounting to less than 7 inches. Even in midwinter
months of January and February about one-fifth of the preeipitation is
in the form of snow.

The first flurries of snow come about the middle of November and
the last about the middle of April. Flurries of snow have been noted
as early as October 9 (1895, 1903) and as late as May 9 (1923). In
1925 a fall of 2.5 inches oecurred on Oectober 30; this is the earliest
material snowfall of reecord. The latest inaterial snowfall was 0.5 inch
on April 14, 1923. During the 56 yecars from 1871 to 1926
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the average number of days with any snowfall has been 24, the greatest
in any one season 42 (1906~7), and the least 5 (1875-76). If only the
days with at least one-tenth of an inch of snowfall are considered the
average number is reduced to only 13, with seasons of only 2 (1877-78)
or as many as 26 (1884-85).

The heaviest snowfall of record fell January 27-29, 1922, 26.5 inches.
The severest snowstorm occurred February 11-13, 1899 when 21.4
inches of snow fell. At the close of the storm Baltimore lay under a
mantle of 30 inches which had been driven by the cold wind into snow
drifts 10 to 20 feet deep. A fall of over one foot in a day occurred only
five times during the 44 years from 1883-1926, viz., February 25, 1874,
February 3, 1886, March 17, 1892, February 13, 1899, and January 28,
1922.

The average duration of snowfall, like that of rainfall, is about 8 hours.

SunsHINE AND CLOUDINESS

The region of Baltimore City and County is one of abundant sunshine.
The amount varies considerably from month to month but the auto-
matic recorder installed in Baltimore shows that for a period of 10 years
(1893-1903) the sun was shining near 60 per cent of the time possible,
or an average of more than 7 hours a day. The winter months of least
sunshine show about 40 per cent sunshine, the summer months as much
as 80 per cent.

Cloudiness is based upon an estimate of the amount of the sky covered
at the time of observation. In general there is a steady increase in
cloudiness from early morning to a maximum about 2 p.m. and then a
somewhat more rapid decrease to midnight. When the sky is less than
' covered the day is described as clear; fair or partly cloudy indicates
a cover of from 1 to 1% inclusive; cloudy when the sky is 1% or more
covered. The relative frequency of days of each class are indicated in
the accompanying figure from which it may be seen that each year
about 33 per cent of the days are clear, 35 per cent partly cloudy, and 32
per cent cloudy.

September and October have the highest percentage of clear days
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and January, February, April, June and December the least. The number
of clear days is rather uniform except in September and October.
Cloudy or overcast days arc most frequent in January and Deccember,
and partly cloudy days most frequent in June and July.

WINDs

The velocity and duration of the winds may vary from hour to hour
and depend on many factors. The records of a self-recording wind gage
or anemometer at Baltimore during the 46-year period from 1881 to
1926 show that the wind velocity varies from hour to hour. The
minimum velocity is between 2 and 5 a.m., from which it rises rapidly
to a maximum between one and three in the afternoon, thence diminish-
ing rather rapidly until eight or nine in the evening and thence slowly
to its minimum about four in the morning. Unlike the diurnal velocities
which vary with the rise and fall of the temperature, the annual changes
show the lightest winds in the months of greatest heat while the highest
average velocities occur in March and to a less degrce in February and
April. These annual changes are due to the increased cyclonic move-
ments of the winter. When the gencral conditions are disturbed by
the passage of well developed cyclonic or anti-cyclonic areas there are
corresponding changes in the wind velocities.

The highest velocity recorded at Baltimore since 1874 occurred during
the storm of July 20, 1902, when the wind blew at the rate of 70 miles
an hour for five minutes. This was one of the most destructive storms
on record.







THE MAGNETIC DECLINATION IN BALTIMORE
COUNTY

BY
L. A. BAUER

¢ INTRODUCTORY

Values of the magnetic deelination of the needle, or of the “variation
of the compass’ as observed by the Maryland Geological Survey and the
United State Coast and Geodetie Survey at various points within the
county are given in Table I.

For a general deseription of the methods and instruments used,
reference must be made to the “First Report upon Magunetic Work in
Maryland” (Md. Geol. Survey, vol. i, pt. v, 1897). In the Second
Report (Md. Geol. Survey, vol. v, pt. i, 1905) the various values col-
leeted are reduced to January 1, 1900. They are given now also for
January 1, 1910 and 1925. Some later values for Baltimore are added.
The First Report eontains an historical account of the phenomena
eneountered by the surveyor on aecount of the many fluetuations to
which the eomnpass needle is subjeet. To these reports the reader is
referred for any additional details.

MERIDIAN LiNg

A meridian line for the use of surveyors was established by the
Maryland Geological Survey on April 26, 1897, on the west side of the
Court House grounds at the Countyseat, Towson. This was done by
speeial request conveyed in the letter of the Chief Clerk of the Board of
County Commissioners, dated April 6, 1897. A full report of the work
was made by L. A. Bauer on May 15, 1897, and is on file at the Court
House. The line was determined by astronomieal methods ecorreet
within one minute.

The monuments marking the two ends of the line, whieh because of
the limited space eould not be over 210 fect long, are granite posts, 6 x 6
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inches square and 4 feet long, set in eonerete and firmly packed. They
project about 6 inehes above the ground. Leaded in the eenter of each
stone is an ineh brass bolt sunk its entire length of 3 inches into the top.
The line passing through the centers of the erosses eut in these bolts
marks the true north and south line. The north stone is lettered N M,
the south one, S M and eaeh stone bears the date 1897. (For further
information see deseriptions of stations and Table II.)

DESCRIPTIONS OF STATIONS

North Point, 1847.—The station was between the upper and lower
North Point lights, Patapsco River.

Baltimore, Fort McHenry, 1904.—Observations were made near the
station of 1903 (see below) in the extreme eastern part of Fort MeHenry.
A seeond station was established near the eenter of Patterson Park, in
east Baltimore. It is about 200 feet south of the band stand and on the
terraee below it. It is 45 feet northwest from the edge of the driveway,
15 feet east of a serub-oak 'tree, and 20 feet south of the foot of the slop-
ing bank. The dome of the Bay View Hospital bears 88° 10’.0 ecast
of true north. A chureh spire bears 62° 49’ cast of true south.

Baltimore, Fort McHenry, 1903.—The station of 1895 was oeeupied as
elosely as the meager deseription would permit. It is in the extreme
southeastern part of Fort MeHenry, between a loeust tree and the sea
wall, 40 feet from the tree and 41% feet from a eross eut in the top of the
sea wall. The station is marked by a stone slab about 4 by 12 inehes
on top, set flush with the ground and having a eross chiseled in the top.
The mark used was the Lazaretto Point lighthouse, whieh bears 80°
17’.2 east of true north. The cupola of the City Hall bears 37° 20°.8
cast of true north. A seeondary station was oceupied 322 feet from
the prineipal station, in line to the eity building eupola. It was marked

by a small stone 4 by 5 inehes on top.

Baltimore, Patterson Park I, 1905-6. The station was reoecupied as
nearly as eould be determined. Tt is a little to the eastward of the
center of Patterson Park, about 200 feet south of a shelter house and on a
terraee below the same. It is 43.2 feet northwest from the edge of a
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roadway. Thisroadway leads south to the Luzerne Avenue entranee on
Eastern Avenue. It is 13.8, 29.8, and 41.2 feet west-northwest, north
by east, and northeast respeetively, from small trees. The distanee to
the foot of the embankment to the northward is 20.5 feet (approxi-
mately). The station is marked by a stone post 6 by 6 by 30 inehes,
lettered U. S. C. & G. 8., 1905, and sunk flush with the sod. The
nearest street-ear line is on Eastern Avenue about 1000 feet south.
Eleetrie light wires pass over the shelter house. The following true
bearings were determined:

Dome of Bay View Hospital (mark)............ 88° 10’.4 east of north
Church spire to southeast...................... 62° 47'.8 east of north

Baltimore, Patterson Park 11, 1905.—The station of June, 1905, was
reoceupied as nearly as eould be determined from the deseription (within
4 feet perhaps). It is about 200 feet south-southeast of the Casino
building, 80.9 feet northwest of a roadway, 64.6 feet east-northeast of
a path, 21.9 feet east of a large maple tree, 48.6 feet northwest of another
maple, and 40.2 feet southeast of a eypress. The station is not marked.
The nearest car line is 1000 feet south on Eastern Avenue. The follow-
ing true bearings were determined:

Dome of Bay View Hospital (mark)............ 89° 0.9 east of north
Chimney in Highlandtown...................... 69° 48’.3 east of south
Tip of stone structure in park lake............. 66° 50.5 east of south

Baltimore, Patterson Park I11, 1905.—Reeent improvements to the
park have rendered stations I and IT less suitable for magnetie observa-
tions. A new station was therefore chosen in the northeastern part of
the park, about 600 feet northeast of a large stone building formerly used
as a easino. This station is in the open field, 70 feet to the westward of
driveway, 16 feet south of a small eottonwood tree that stands alone and
nearly on a line with an eleetrie light pole 600 feet to the eastward (not
in operation in the daytime) and the dome of Bay View Hospital. There
is no disturbanee of any kind in the vieinity and there are no street ear
lines within three-quarters of a mile. The station is marked by wooden

peg flush with the ground. The following bearings were determined:
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Fia. 1.—View of Patapsco River near Orange Grove showing the characteristic willow
growth along the stream banks

Frog -2 View of Hiver Road nesr Avalon inothe Pataprpoo State Forost showing the
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Dome of Bay View Hospital (mark)............ 87° 15’.6 east of south
Church of Sacred Heart spire................... 54° 55’6 east of south
St. Elizabeth Chureh eross...................... 42° 17’.9 east of south
Weather vane of park shelter house............. 7° 16’.6 east of south

Baltimore, Patterson Park [V .—The station established in January,
1907, was reoceupied. It is in the northeastern part of the park, in the
open field, about 600 fect northeast of a large stone building formerly
used as a easino. It is 63.7 fect north-northwest from a sycamore tree
near a driveway and 23 feet south of a small maple tree 6 inches in
diameter. It is also in range with an elm tree about 230 feet to the
eastward and the eenter of Lombard Street, Highlandtown. The
station is marked by a marble post, 6 by 6 by 30 inches, set 2 inehes
below the surfaee of the ground, with top lettered U. S. C. & G.S. The
following true bearings were determined in January, 1907:

Dome of Bay View Hospital (mark)............ 87° 19’.3 east of south
Saered Heart Chureh spire..................... 55° 01’ .8 east of south
Cross on St. Elizabeth’s Chureh................ 41° 56’.1 east of south
Weather vane on park shelter house............ 7° 23’.8 east of south

Rosanne, 1844.—Near the Coast Survey triangulation station of 1844
whieh was on Prospeet Hill, about 51 miles west from the eenter of
Baltimore eity, and } mile north of Old Frederiek Road, 18 feet from the
northeast eorner of Bogue’s house, 68 feet from a eedar tree at the
southeast eorner of the house and 88.4 feet from a persimmon tree about
east-northeast of the station, and in the earriageway leading from the
front door of the house to the stable. The subsurfaee mark is an iron
eone; surfaee mark is eopper nail in an oak post.

Baltimore, 1912.—Two stations designated A and B were occupied
by Messrs. Fleming and Galt of the Carnegie Institution of Washington,
at Homewood, the site of the Johns Hopkins University, about 2 miles
(3 kilometers) north of Washington Monument, on knoll in sharp turn
of Wyman Park Drive, about 400 meters southwest of grandstands on
the athletie ficld. A is 183.5 feet (55.93 meters) northwest of fenec
at farthest point of turn in Wyman Park Drive, 116.5 feet (35.51 meters)
from same fenee to northwest, 112.0 feet (34.14 meters) nearly true
south of stone boundary mark, and 502.6 feet (153.19 meters) from
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second stone nearly east of first. True bearings (counted continuously
from 0° to 360° in the direction south, west, north, east):

Eastern apex of Cedar Avenue church roof.................. 59° 49’5
Cross on south end of roof of Lutheran church.............. 89° 14’ .5
Top of city water standpipe, Roland Avenue................ 137° 51'.3
Southernmost corner southeast grandstand.................. 238° 49”2
Stone boundary monument (second stone)................... 254° 16'.0

B is on extension of line from cross on south end of Lutheran church
through A 64.77 feet (19.74 neters) eastward. True bearings:

South cross on roof of Lutheran chureh...................... 89° 14’.5
Church steeple with eross.............cooovi i, 99° 58’.7

Towson, 1897.—In the ample grounds on the west side of the Court
House. A meridian line was established at the time and marked by
substantial granite posts. The observations were made over these
posts.

Finlay, 1846.—Near the Coast Survey triangulation station of 1844
which was about 9 miles northeasterly from Baltimore, 300 fect cast of
the old Harford Road, £ mile west of the Harford Road on Cub Hill on
the old Finlay farm, now the property of Theodore Fastic. The north-
east corner of an old log house, formerly a school house but now a black-
smith’s shop, is 253.71 feet from the station in azimuth 312° 53’.5. The
azimuth of the east gable of a stone barn on the Fastic place is 189°
27'.5 and a large cherry trec is 126.85 fcet from the station in azimuth
337° 14/, In 1896 the station was marked as follows: A glazed drain
tile 4 inches in diameter and 30 inches long was sunk in the ground so
that its upper end was 3 feet below the surface of the ground. It was
set in cement and gravel and the center of the station marked by a
60d. nail. Above this was placed a chestnut post, its top even with the
surfaec of the ground, with a 40d. nail marking the ecnter.

Bradshaw, 1897.—On the grounds of Colonel Taylor, east of Baltimore
and Ohio station, 25 paees south-southcast of locust tree.

Reisterstown, 1899.—In the large open field west of the Franklin
school.

Hyde's, 1897 —On Mr. Hyde’s tract, back of the garden behind the
store and railroad office, about 125 paces west of the railroad track.
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Cockeysuville, 1896.—On Mr. Cockey’s property, a large open lot on
right of road, near stone bridge. The station is about 500 feet west
of road and 25 feet east of a elump of three willow trees.

Parkton, 1899.—On top of the hill west of the railroad station and
over the first boundary stone marking the property of the railroad
company. This boundary stone is on the hill, about 20 yards north of
wooden fence leading up the hill.

CORRECTIONS FOR SECULAR AND DIURNAL VARIATIONS

TABLE II. CHANGE IN THE MAGNETIC DECLINATION AT TOWSON FROM

1750 To 1925

The following table is reprodueced from page 482 of the First Report, mentioned
above, without any alteration exeept that it has been extended to 1925 with the
aid of data supplied by the United States Coast and Geodetic Survey. It will be
noted that the table applies to the south meridian stone. To refer it to the north
stone, 9” would have to be added to each of the figures, if the surrounding condi-
tions have not ehanged since 1897.

Year Needle [ Year Needle Year Needle Year Needle Year Needle
(Jan.1)| pointed ||(Jan. )| pointed ([(Jan.1)| pointed [|(Jan.1)| pointed |[(Jan. I1)| pointed
o 7 |f—‘o ’ -o ’ i o-/ . o 7
1700 6 03W || 1750 | 3 06W || 1800 | O 54W || 1850 | 2 39W || 1900 | 5 50W
05 5 54 ' 55 | 2 45 05| 0 54 55 | 2 59 05 | 6 08
10 541 60 | 2 27 10 | 0 55 60 | 3 19 10| 6 32
15 5 26 ‘ 65 [ 2 10 15 | 0 59 65| 3 38 15| 6 52
20 508 | 70 | 1 52 20 | 106 70 | 3 59 20 | 705
25 4 49 7511 36 2511 16 751420 25 | 7 34W
30 | 428 80 [ 122 30129 80 | 4 40
35 4 08 851|110 35| 145 85| 500
40 3 48 901102 | 40 | 2 04 90 | 518
45 3 28W [ 95 [ 0 57TW || 45| 2 22W 95 | 5 35\ |

The declination is, at present, west over the entire county, and is
inereasing now at the average annual rate of 4 minutes.

With the aid of the figures of Table II the surveyor can readily
ascertain the amount of ehange of the needle between any two dates.
For praetical purposes it will suffiee to regard the change thus derived
to be the same over the entire eounty. It should be emphasized, how-
ever, that when applying the quantities thus found in the re-running of
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old lines, the surveyor should not forget that the table can not attempt
to give the correction to be allowed on account of the error of the compass
used in the original survey.

To reduce an observation of the magnetie deelination to thc mean
value for the day of 24 hours, apply the quantities given in the table
below with the sign as affixed:

Month S Bl e b e 3 | o wess] 30 | BAMELERIE w7 e
Jaleeeeeaeeennnn. —07.1|40%. 2|41 04201 |42 4| 4172|101 |~ 5| —2r 8 |—27.1 |—17.3 |0’ 2| +0.2
Fob o kol 10.6 |[40.7 [+1.5 [+1.9 [+1.4 |[-0.1 |—1.5 |~2.1 |-2.5 |~2.0 |[~1.2 {~0.8 |—0.4
March........... 11.2 |42.0 [+3.0 [+2.8 [+1.6 |-0.6 |—2.5 |—3.4 [-3.7 [-3.3 [-2.3 |-1.2 |05
A +2.5 |+3.1 [+3.4 [+2.6 [40.8 |—2.1 |—4.0 |—4.1 |—4.2 [-3.6 |~2.3 |[-1.2 |—0.2
May....oooeennnn +301(43.8 |4+3.9 (+2.6 (+0.1 |—2.4 | —4.0 [—5.0 |[—4.5 |—3.6 [—2.3 [—0.9 |40.1
June......ceeven.. +2.9 |+4.4 |+4.4 |4+3.3 {+1.1 |—2.0 |—3.6 |—4.5 |[—4.5 |—3.8 |—~2.6 [~1.2 |=0.2
JulY.eeerennann. 131 |44.6 /449 [+3.0 [41.8 |—1.2 |—3.4 |—4.4 [—4.7 [~4.2 |-2.8 |-1.3 |~0.3
August.......... +2.9|4+49|+54 (+3.7|4+0.4 |—2.8 |—4.7 |—-5.1 |—4.9 |[—-3.7 |—1.9 |[—0.6 (0.3
Bept....cvvnnnn. 418 (+2.8 [+3.4 |[+2.5 [40.3 |—2.7 |—4.4 |—4.6 |—4.2 |-2.0 |-1.4 (—0.3 |—0.1
(7. 405 +1.6 |[+3.1 |[+2.8 |+1.4(—1.0|—-2.7|—33 |—-3.4|—2.4 —1.3:—0.4 —0.4
NOVewervennnn.. 105 |41.2 [+1.7 [+1.8 |[+1.1 |-0.5 |—2.0 [—2.7 [~2.6 |[~1.8 [~1.0 [—0.2 |+0.2
DeC..enennnnnn... +0.2 [40.3 [40.8 [+18 |[+1.8 | 0.0 [~1.6 |—2.4 |23 |18 [-1.1 |-0.3 |+0.1

ReMARKS REGARDING STATION AT TowsoN

The angle between the true meridian line and the southeast edge of
Court House is, at the south meridian stone:

79° 50" E. of N.

The latitude of the Court House may be taken to be 39° 23’.5 and
the longitude 76° 36’.4 W. of Greenwich or 23’.6 E. of Washington. To
obtain true local mean time, or solar tirhe, subtraet from Eastern or
Standard time, 6 minutes and 26 seeonds.

It is difficult to say whether the difference of 9’ found in 1897 in the
magnetie deelination at the two meridian stones (see Table I), be due
to some natural loeal disturbance or some artificial one It is hence
essential in the adjustment and eomparison of eompasses that all
observations be made at the same point and one beyond any artifieial
disturbing influence. Throughout this part of Maryland natural loeal
disturbanees are known to exist.




THE FORESTS OF BALTIMORE COUNTY

BY
F. W. BESLEY, State Forester

INTRODUCTORY

Baltimore County, the third Iar.gest in the State, has important forest
resourees. It ranks fourth in the value of its forest products and ninth
in total wooded arca. The proximity to Baltimore City, with its rapidly
expanding industrial developments, furnishes an excellent market for all

classes of forest produects.

The County lies in two physiographic divisions, the Piedmont and
the Coastal Plain. Sinee only about one-tenth of the land area embrac-
ing the southeastern section lies in the Coastal Plain, the surfaee is
distinetly charaeteristic of the Piedmont with its rolling hills inter-
spersed with a few valleys.

The County is traversed by five lines of railroad, covering 120 miles,
and by more than 1,000 miles of improved highway, rendering all
sections aecessible.

LAND CLASSIFICATION

Improved Farmland 196,212 acres 559,
Wooded Area . “ 289,
Waste Land “  16%
[ 1%
“ 100%

DISTRIBUTION OF TiIE FORESTS

Of the land area of the County, 28% is in forest growth. The forests
are somewhat uniformly distributed in relatively small areas. The
forest land is held almost exelusively by farmers in lots of 10 to 100
aeres in connection with farms and interspersed with eleared lands.
There are a few eontinuous forest areas of considerable size in the south-
eastern part of the County in the Coastal Plain section, other areas
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more limited in the northern section around Parkton, in the central part
between Cockeysville and Owings Mills, and along the Patapsco River
in the southwestern part of the County.

The County has been settled for so long a time and land uses so well
established that there has been for the past 50 years comparatively little
change in the relationship between cleared land and woodland, and there
is not likely to be any decided change for many years to come. The
forests are confined mainly to rocky ridges, steep slopes, and flats along
strcams. In a County of such high agricultural development, arable
land and forest land are rather sharply defined. It is probably true,
as claimed by land economists, that for the most economical use of land
and the best development of agriculture in a hilly or rolling county, 259,
of the land should be under forest cover, and so distributed as to break
the force of winds, conserve water supplics, check soil erosion, and
supply the wood and lumber nceds of communities. It appears,
therefore, with 289, wooded, Baltimore County presents ncarly the
ideal condition in forest distribution.

STAND AND VALUE OF SAW TIMBER BY ELECTION DISTRICTS, TABLE I

No.

Acres Acres % }“I:);?l' Pine Total %%'%Z:gg PIi,’é:f 13&0 Total $
1 | 13,940 4,537 32 | 10,800 30| 10,920 108,900 300 109,200
2 | 28,750 8,744] 29 | 23,120 23,120 231,200 231,200
3 | 16,0200 3,550 22 | 9,055 20| 9,075 90,550, 200| 90,750
4 | 37,580 8,624 23 | 22,925 170 23,095 229,250, 1,700/ 230,950
5 | 28,200 4,487 16 | 11,260 435 11,695 112,600 4,350 116,950
6 22,870/ 7,080/ 31 | 10,170 10,170! 101,700 101,700
7 | 52,670 8,142 15 | 12,570 60| 12,630 125,700, 600/ 126,300
8 | 41,273 9,207 22 | 26,760 26,760/ 267,600 267,600
9 | 16,842 3,861| 23 | 13,360 13,360 133,600 133,600
10 | 30,080 6,120( 20 | 15,750 15,750, 157,500 157,500
11 | 42,930] 14,413 34 | 33,470 1,265 34,735 334,700 12,650, 347,350
12 1,703 508/ 30 480 480 4,800 4,800
13 6,004 904 15 | 2,712 2,712 27,120 | 27,120
14 8,151| 2,447 30 | 4,508 100| 4,608/ 45,080 1,000 46,080
15 | 23,458 16,300 70 | 25,115| 6,680 31,795 251,150| 66,800 317,950

|
371,561 99,041/ 26 222,145 8,760| 230,905/2,221,450| 87,600/2,309,050
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The 11th election district contains the greatest amount of standing
timber,—only 8 of the districts eontain any pine of merchantable size,
and of this 76% is in the 15th district. The 7th and 13th distriets
contain the smallest pereentage of woodland, each with 159, followed
closely by the 5th district with but 16%. The 15th election district
contains not only the largest aereage of woodland, but also the highest
pereentage,—70%, and the 12th contains much the smallest wooded
arca.

Because of labor conditions and the low prices of forest products
following the World War, numerous small areas were abandoned,
becoming waste land, or in some cases returning to forest growth. The
pereentage, however, is small, and most of this land will likely be
reelaimed within the next decade.

DEsCRIPTION OF THE FORESTS

The forests of the eounty are almost entirely of the hardwood type.
In the stands of timber, the hardwood eonstitutes 96%, while the pine
only 4%. Rolling hills, with ridges, slopes, and valleys, produce three
forest types, notably the ridge type, consisting of chestnut oak and
scarlet oak as the prevailing tree speeies; the slope type, in which
scarlet oak, black oak, and white oak of the upper slopes give way to
the red oak, tulip, and hickory on the lower slopes; and the bottom
type along streams, or low flat lands, eonsisting principally of red maple,
ash, elm, birch, and sycamore. Practically all the forcsts have been
eut over one or more times. Sinee the more valuable speeies have been
cut the heaviest, constant eutting has caused severe deterioration of the
stands.

Chestnut, whieh was formerly the most prominent tree of the ridge
type, has praetieally all been killed by the chestnut blight, and is now
being replaced by a natural growth of oak, poplar, and hiekory. Re-
peated forest fires have also greatly changed the charaeter and composi-
tion of the forest, reducing greatly the proportion of the less fire resistant
species, such as tulip poplar, hickory, and red oak, and causing serious
deterioration in the forest as a whole.
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The destructive logging methods, practiced in years past, have also
brought about changes in the composition of the forest. Thisis particu-
larly noticeable where the timber is more acecssible, and where the
demand is greatest. The close cutting of the best species and the more
valuable timber, leaving the inferior trees, has caused a marked deterio-
ration in the forest in many sections.

NATIVE FOREST TREES
There are 91 kinds of trecs found growing naturally, of which 7 are
evergreens and 84 are deciduous trees. A large part of them are trees
of commercial importance, and all are used to some extent. The list
below contains speeies native to the county, which reach tree size.

EVERGREEN OR NEEDLE-LEAVED TREES

Common Name Botanical Name!
Spruce Pine Pinus virginiana Mill.
Pitch Pine Pinus rigida Mill.
White Pine Pinus strobus L.
Short Leaf Pine Pinus echinata Mill.
Red Cedar Juniperus virginiana L.
Hemlock Tsuga canadensis Carriére
Southern White Cedar Chamaecyparis thyoides Britt.

DECIDUOUS OR BROAD-LEAVED TREES

Common Name Botanical Namet
White Oak Quercus alba L.
Chestnut Oak Quercus montana L.
Post Oak Quercus stellata Wang.
Swamp White Oak Quercus bicolor Willd.
Burr Oak Quercus macrocarpa Michx.
Basket Oak Quercus prinus L.
Dwarf White Oak Quercus pinoides Willd.,
Red Oak Quercus borealis mazrima Ashe
Black Oak Quercus velutina Lam.
Scarlet Oak Quercus coccinea Muen.
Pin Oak Quercus palustris Muen.
Willow Oak Quercus phellos L.
Black Jack Oak Quercus marilandica Muen.
Shingle Oak Quercus imbricaria Mich.

! The botanical names in this list are from the “Check List”’ by George B.
Sudworth published by the U. S. Department of Agriculture.
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Fia. 1.~ View showing plantation of White Pine on the Baltimore City Watershed along
Gunpowder River. Trees 10 years old

Fia. 2.-—View of mixed oak forest of inature trees near Ten Hills
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Common Name

Barren or Scrub Oak
Chestnut
Chinquapin

Tulip Poplar
Mockernut Hickory
Pignut Hickory
Shagbark Hickory
Small Pignut or Shagbark
Bitternut Hickory
Big Shellbark Hickory
Pignut Hickory
Black Walnut
Butternut

Black Locust

Red Maple

Silver Maple

Sugar Maple

Ash Leaved Maple
Beech

Red Gum

Sour Gum

Wild Black Cherry
Fire Cherry

Bird Cherry

Choke Cherry

Wild Plum

White Elm
Slippery Elm
Sycamore

Sassafras
Persimmon
Basswood or Linn
Basswood
Hackberry

Holly

White Willow
Pussy Willow

Black Willow

Red Bud

Flowering Dogwood
Dogwood

Blue Beech

Shad Bush or Service Berry
Trembling Aspen
Big Toothed Aspen
Cottonwood

Hop Hornbeam

Botanical Namet

Quercus ilicifolia Wang.
Castanea dentata Borkh.
Castanea pumila Mill.
Liriodendron tulipifera L.
Hicoria alba Britt.

Hicoria glabra Mill.
Hicoria ovata Britt.
Hicoria ovata muttallii Sud.
Hvicorva cardiformis Britt.
Hicoria laciniosa Sarg.
Hicorta pallida Ashe
Juglans nigra L.

Juglans cinerea L.

Robinia pseudacacia L.
Acer rubrum L.

Acer saccharinum L.

Acer saccharum Marsh.
Acer negundo L.

Fagus grandifolia Ehrh.
Liquidambar styracifiua L.
Nyssa sylvatica Marsh.
Prunus serotina Ehrh.
Prunus pennsylvanica L.
Prunus avium L.

Prunus virginiana L.
Prunus americana Marsh.
Ulmus americana L.

Ulmus fulva Michx.
Platanus occidentalis L.
Sassafras variifolium Kuntz.
Diospyros virginiana L.
Tilia glabra Vent.

Tilia neglecta Spach.

Celtis occidentalis L.

Ilex opaca Ait.

Saliz alba L.

Saliz discolor Muehl,

Saliz nigra Marsh,

Cercis canadensts L.

Cornus florida L.

Cornus alternifolia L.
Carpinus caroliniana Walter,
Amelanchier canadensis Med.
Populus tremuloides Michx.
Populus grandidentata Michx.
Populus deltoides Marsh.
Ostrya virginiana Koch.
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Common Name Botanical Namel
Red Mulberry Morus rubra L.
Paw Paw Asimina triloba Dunal.
Witch Hazel Hamamelis virgintana L.
Sweet Bay or Swamp Magnolia Magnolia virginiana L.
Umbrella Magnolia or Umbrella Tree Magnolia tripetala L.
Cockspur Thorn Crataegus crus-galli L.
Red Birch Betula nigra L.
Black Birch Betula lenta L.
White Ash Fraxinus americana L.
Black Ash Frazinus nigra Marsh.
Red Ash Frazinus pennsylvanica Marsh.
Green Ash Frazinus pennsylvanica lanceolata Sarg.
Fringe Tree Chionanthus virginica L.
Hercules Club Aralia spinosa L.
Staghorn Sumach Rhus hirta Sud.
Wahoo or Burning Bush Evonymus atropurporia Jacquin
Sweet Crab Malus coronaria Mill.

INTRODUCED TREES THAT HAVE BECOME COMMON IN THE FOREST

Common Name Botanical Name
Honey Locust Gleditsia triacanthos L.
Hardy Catalpa Catalpa speciosa Warder
Ailanthus Ailanthus altissima Swing.
Empress Tree Paulownia tomentosa Steud.
Osage Orange Toxylon pomiferum Raf.
White Poplar Populus alba L.

ImPORTANT TIMBER TREES AND THEIR CHIEF UsEs

Nearly all of the tree species found in the County are used to some
extent, but taking only those which, by reason of their abundance and
good qualities, have an extensive use, the list may be reduced to com-
paratively few well recognized species.

Oaks.—At the head of the list naturally stand the oaks which furnish
60 per cent. of the timber cut of the County. There is no class of wood
that possesses strength and durability to such a marked extent as oak.
The oaks may be divided commercially into two groups—the white
oaks and the red oaks.

White Oaks.—This group includes a number of different species
classed by timber operators under the general name of white oak. The
wood of the different species is very similar and difficult to recognize
except by experts. For all practical purposes, the wood of one species is
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as good as another. The prineipal speeies ineluded in this group are the
true white oak, ehestnut oak, post oak, and swamp white oak. The true
white oak furnishes about 80 per eent. of what is eut and sold as white
oak, the ehestnut oak about 12 per eent., and post oak and swamp white
oak, the remainder.

The wood of the white oak is especially tough and strong, and since
it is so widely distributed over the County and eonstitutes so large a
pereentage of the merehantable timber, it is the most important of all
of the tree species. It is used loeally for general eonstruetion purposes,
and is extensively exported from the County for ear eonstruetion,
framing, bridge plank, furniture wood, eooperage stoek, railroad ties,
piling, and a variety of other uses requiring high grade wood.

Red Oaks.—A number of different speeies of oak are sold as red oak,
ineluding blaek oak, red oak, searlet oak, Spanish oak, pin oak, and
willow oak. Sometimes, the last two mentioned are elassed as water
oaks, and sold at a somewhat lower priee. Red oak is less durable than
white oak, and for most purposes does not eommand so high a priee.
Like white oak, it is heavy, hard, strong, tough, but not so durable on
exposure.

For interior uses, sueh as furniture, finish, ete., it is the equal of white
oak, and solls for about the same price. Its chief uses are for general
construction, car stoek, railroad ties, planking, furniture, and interior
finish. The greatest inerease in use has been for railroad ties which
take a large percentage of the eut. The wood of the red oak possesses
all the requisite qualities for first elass railroad ties, exeept its durability
in eontaet with the soil. By treating the wood with a preservative,
such as is in praetiee by all railroad eompanies, this obstaele is overcome,
eonsequently red oak ties are now universally used.

Tulip Poplar.—This speeies, eommonly known as yellow poplar, is
a tree found seattered singly or in small groups in the forest and is
rarely found in anything like pure stands. The wood is of fine texture,
light, soft, easily worked, takes paint readily, and holds its shape well,
making it a favorite among wood users. It attains a larger size than
any other tree in the County, and is found in the deep, moist soils of
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ravines and lower slopes. It is used locally for weather boarding, sheath-
ing, and general eonstruction. The better grades are exported for
furniture stoek and interior finish, cigar boxes, wagon bodics, etc. The
smaller and medium-sized trees are cut extensively for pulpwood.

Hickory—Scveral species of hickory occur in the County and are used
indiscriminately. The principal specics are mockernut and pignut
hickory. The wood has a highly specialized use for spoke timber and
tool handles, for which it is fitted by its distinctive qualitics of hardness,
strength, toughness, and flexibility. It is a trce found sparingly in the
forest and associated with the oaks, tulip poplar, and chestnut. While
the wood is very valuable, usually only a small pereentage of the tree is
sufficiently clear straight-grained to be aeeeptable for its special uses,
henee it is not eonsidered as a desirable trec to encourage in the forest.
As a fuel wood, it ranks very high.

Locust—This tree is abundant throughout the County, found on a
variety of soils, and is the ehief dependence for fenee posts. It is a
rapid growing tree of quick maturity, furnishing a valuable produet, and
is highly desirable for forest planting. In addition to its local use for
fence posts, the wood is spceially used for insulator pins, and was used
extensively during the War for tree nails in the construetion of wooden
ships.

Ash.—Although four speeies of ash are reeognized in the County, it
is probable that white ash constitutes more than 90 per eent. of the cut.
It is a tree growing in mixture with other speeies in the forest, and is
found on the moister soils along water eourses. The wood is very
heavy, strong, straight-grained, tough and clastie, and is used for car
construction, furniture, vehicle manufacture, agricultural implements,
tool handles, sporting goods, ete. The amount eut in the County is
relatively small,.and it is usually thrown in with other speeies, being
cut for lumber and railroad ties, although occasionally seleeted logs are
shipped for usc in speeial wood using industries.

Black Walnut.—Walnut brings a higher priee per thousand feet than
any other wood, and during the War immensc quantitics were cut and
shipped out of the County for the manufaeture of gun stocks and aero-
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Fr 1 View of g portable sow-mill near Hehosts There are abmit Gty Gl Gk

F1a. 2.—The produet of a portable saw-mill, an operation in a 30-acre timber tract
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plane propellers. It is a tree found along the edges of fields and ravines
on the farm, rather than in the forest. Where it grows it is a short-
stemmed, wide-branehing tree having a low pereentage of merehantable
eontent, so that the values reecived are not high as eompared with the
length of time required to grow the tree to eommereial size, and the
amount of spaee that it occupies. The wood is fine-grained, hard,
strong, durable, and easily worked. It is highly prized as a cabinet
and furniture wood.

Chestnut.—Chestnut was formerly the most abundant tree species in
the County, but due to the ravages of the ehestnut blight,—a fungus
disease which beeame established about 1910,—it is no longer a species
of eommereial importanee. It has been used more extensively for
telegraph and telephone poles than any other species. Rapidity of
growth, abundanee, and adaptability for so many uses made it one .of
our most important timber trees. Its elimination from the forest has
created a serious timber problem, affeeting the pole supply espeeially,
—a loss difficult to replaee.

THE LuMmBER AND TimMBER Cur

The lumber and timber eut of the County has fallen off to about half
of what it was in 1920. This is due in part to a depletion of the timber
supply and partly to the appearance in eastern markets of lumber in
large quantities from the Paeifie Coast. Heretofore, the cut has been
greater than the current growth. The reduction of the eut, with better
eare of the forests, will no doubt materially help in restoring the forest
to greater produetivity.

There were 26 saw-mills operating in the County in 1925, whieh eut
approximately 3,800,000 ft. board measure of lumber. These were
mainly portable mills, operating but a few months in the year, but
ineluded also a few small stationary steam and water-mills, doing a
small eustom sawing business.

The lumber eut eonsists almost entirely of hardwoods,—the amount
of pine eonstituting but a small pereentage. The several speeies of oak
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eonstitute about 75 per eent of the eut, tulip poplar 10 per eent, and
15 per eent miseellaneous species.

In addition to lumber, large quantities of railroad ties, ineluding
trolley ties, are produeed annually. Oak is prineipally used, although
with the general use of wood preservatives a number of other speeies,
not naturally durable, are aceepted for preservative treatment.

The growing searcity of old growth, high-grade timber has brought
about more eeonomieal utilization. Choiee logs from seleeted trees of
blaek walnut, white and red oak, and tulip poplar are eut and shipped
to veneer plants for manufaeture into thin veneers. These thin strips
of valuable wood, glued on to a eheap wood base, give the desired cffcets
for furniture and eabinet work with the most eeonomieal use of material.
In addition to furniture veneer many large sized poplar logs are made
into veneer eigar boxes and baskets of various kinds.

The demand for piling has fallen off very sharply sinee the War, but
still eonstitutes an important produet of Baltimore County’s forests.
This speeial use requires a strong wood in reasonably straight stieks.
Oaks, ineluding both white and red, eonstituted about the entire eut for
this purpose. Piles range from 30-60 feet in length averaging about 35
feet, and are sold by the linear foot.

Copper poles, so called, are used at the eopper smelters in Baltimore
in the process of redueing ore to the pure metal. They eonsist of poles
of varying length, although usually 30 feet long, and 3 inehes, or over,
at the small end, any kind of hardwood being taken. While this is
strietly a loeal industry, there is a steady demand, amounting to several
thousand tons annually.

The increasing cost of coal and the djfficulty of obtaining it has in-
ereased the market for cordwood. The high cost of cutting, however,
has been a serious drawback, so that the amount cut and sold is not
large, but the amount used as fuel wood on farms constitutes a large use,
estimated at 15,000 eords. For this purpose all kinds of wood are used,
mueh of it as waste material in the forest.

It is estimated that the lumber and timber produets eut from the
forest and sold have an’annual value of $500,000.
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ForesT PrOTECTION

The prineipal reasons for the poor eondition of the forests of the
County arc forest fires, destruetive methods of cutting, pasturing the
woodland, insects and trece diseases.

Forest [ires—The ehief causes of forest fires are hunters, and fisher-
men, brush burning, and railroads. Nearly all fires eould be prevented
with reasonable earc.

The Maryland Forest Laws impose heavy penalties upon anyone who
sets fire to woodlands, not his own. Any owner who sets fire on his
own land and allows it to eseape to the injury of other lands is liable for
the eost of extinguishing the fire, and for the damage that is done to
adjaeent property. Fire damage in Baltimore County has not been
excessive, due to the isolated character of many of the woodlands, and
also that most of the woodlands are on farms where a eloser wateh for
fires is possible. Nevertheless, the annual loss from forest fires is
eonsiderable, and a fire that burns over any woodland does serious
damage in redueing the produetive capacity of the forests.

The effeets of fire are:

(a) The burning of the leaves and litter on the ground whieh are needed to
conserve the moisture, to proteet the seed and to fertilize the soil.

(b) The destruetion of the seed, and young secdlings that have already started,
and which are so essential for the renewal of the forests.

(¢) The burning of the eambium, or living wood, of young trees on the side
most exposcd to fire, causing the bark to peel off, thus exposing the wood to deeay.
The tree becomes stunted, decay enters the wood and gradually works its way up
into the trunk rendering the tree praectically worthless.

(d) Asevere fire in the brush, left by logging operations, often kills all the trees
that remain, entailing a total loss of growing stock.

Preventive Measures.—In the ease of small woodlands, surrounded by
eultivated land, the danger from forest fires is very mueh redueed. But
where the woodlands are in large traets, partieularly where they border
publie highways or railroads, the danger is greatly inereased.

The 1nost effeetive preventive measures arc extreme eare on the
part of the owner and his emnployees engaged in work in the woods, and
the elimination, so far as possible, of dead and down timber and dry tops.
Where there is a particular fire hazard, such as along the borders of the
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roadways and railways, all inflammable material should be removed for
some distance from the edges of the roadways, and along the rights-of-
way of the railroads.? Woods roads through the property should be
kept clear of inflammable material to serve as fire lines, from which fires
that occur may be more easily and more effectively combated.

Destructive Cutting Methods.—In past years when timber was cheap,
usually only the best was taken from the woodland, and that of the
poorer speeies and poorer quality was left. This praetice has continued
for many years, nearly all of the forests having been cut over in this
way, with the result that eulled forests arc the prevailing type. Most of
the forests have been eut over two or three times, and under this system
of always removing the best, rapid deterioration has followed. Not only
that, but the remaining small trees of no merchantable valuc have been
recklessly destroyed in taking out the larger timber, and there has been
an exeessive amount of waste in logging methods. The woods have
been strewn with dead tops and brush, covering or weighing down the
young trees, and at the same time greatly inereasing the fire hazard.

To correet such abuses and to restore forest productivity, the eutting
should be made in sueh a way as to favor the most valuable speeies,
and to eliminate, so far as practieable, the undesirable species and the
crooked and defeetive trees even of the valuable speeies. This necessi-
tates the eareful seleetion of trees by the owner in any eutting that may
be done. Espeeially in taking out trees for firewood, the poorer kind
should be taken, thereby improving the character and eomposition of
the woodland and leaving the more desirable trees for reproducing the
forest.

Grazing.—It is a eommon praetice throughout the County to inelude
the woodland in the permanent pasture. This has resulted in serious
damage by creating conditions unfavorable to tree growth. The soil
becomes hard and dry from the eonstant tramping of the cattle, the seed
bed is destroyed, and the growth of the trees seriously cheeked, if not
altogether stopped. The woodland beeomes open and very mueh

? Railroad companies are required by law to clear away inflammable material

for a distance of 100 ft. from the track where the Forestry Department notifies
them that a fire hazard exists.
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understoeked, due to the destruetion of the young growth and it eeases
to be of value for timber produetion. The small amount of pasturage
is poor pay for the loss in the produetion of timber, and the result is
that there is neither good pasture nor good woodland.

Insects and Fungi.—No serious inseet attacks have been reported
from Baltimore County. While immense damage is done each year to
shade trees, eomparatively little damage is done to the trees in the forest.
Here the inseets seem to be held in cheek by their natural enemies.

The one fungus disease that has been particularly destruetive is the
ehestnut blight which has badly affeeted praetieally all the ehestnut.
This disease attaeks only the ehestnut, and there appears no danger of
its spread to other kinds of trees. There is no praectieal method of
eontrol, and the chestnut, as a eommereial tree speeies, appears to be
doomed.

FoREST MANAGEMENT

No eounty is more favorably loeated for the praetice of forestry
than is Baltimore, and few eounties have suffered more from the laeck
of good forestry praetiee. The growing of timber is just as eertainly erop
produetion as is the growing of eorn or wheat, and like any other erop
from the soil, eertain eultural operations ean be eondueted with mueh
profit in inereasing the final yield. These operations ean often be so
eondueted as to bring in an immediate revenue, and at the same time
improve growth eonditions.

The farmer in handling his woodlands is in the very best position to
give them the eareful management that is required to get the maximum
results. The work in the woods should be as earefully planned as that
in the fields, and with the same purpose in view,—to get the maximum
yield. The seleetion of the trees for eutting should not be left to in-
experieneed farm hands, with no thought other than getting wood in
the easiest way, and having no permanent interest in the land. Work
in the woods ean be done in the winter-time when other work on the
farm is not pressing. Frequently, woods-work provides employment for
farm hands during the winter months, when they eould not otherwise
be profitably employed.
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A woodland is fully productive when the ground is occupied entirely,
that is, to the exclusion of any open places, by the best trees of the
best species for which the soil is adapted. The proper density of the
forest is, therefore, of prime importance, for not only will the greater
volume of wood be produced when the crowns of the trees are close
enough together to touch each other on all sides, but this crowding will
produce tall straight trees with long clear stems that make the most
valuable timbers. After trees attain their principal height growth,
they will require a little free space around their crown to promote the
greatest diamecter growth. Starting then with a young thicket stand
of any species, or with mixed species of trecs, crowding is beneficial in
that it forces the most likely ones into rapid height growth to kecp them
above their competitors, but the dense shade kills off the smaller lower
branches that would otherwise make knotty timber. During the small
pole stage (under 5 inches in diameter) the stand may be greatly
improved by cutting out undecsirable trees, such as black gum, red maple,
beech, ete., when they are overtopping or crowding the more valuable
specics, such as the oaks, hickories, tulip poplar, cte. This is termed
a “weeding” in a young stand and is similar to the same operation in the
garden or cornfield, and for the same purpose. By working over the
forest at frequent intervals, with the idea of always favoring the more
promising trees, and removing the undesirable ones as soon as they
begin to interfere with the trees selected for the permanent stand, it is
possible to mould the forest into the form desired.

Instead of a fully stocked young forest, the problem may be one
of restocking and regenerating a badly burned and culled forest. In
this case the important thing is to encourage a rcproduction of the
species best suited to the locality. Seed trces arc gencrally present to
begin with, and by keceping out fires a young growth will in most cases
spring up rapidly. As the young growth develops such of the inferior
trees as were left in the former cutting operations should be cut and
utilized, so that they will cease to overtop and check the growth of
the young saplings. By a gradual process of thinnings and improve-
ment cuttings, the undesirable trees may be eliminated from the forest
and a full stand of desirable trees secured for the final crop.
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Another eommon problem of forest management is that of a forest in
which there is a econsiderable amount of merchantable material that
the owner desires to eut and turn into money, but, at the same time,
he wants to get it out in such a way that the produecing power of the
forest shall not be destroyed, sinee he intends to hold the woodland for
future timber erops. In most eases of this kind, there is already on the
ground a good young growth, which, if properly proteeted, will insure
a satisfaetory seeond erop. The main eonsideration should be to frame
the cutting contract (if the timber is not to be eut by the landowner)
in such a way that the young growth will be saved. The usual practiee
is to speeify a minimum diameter limit, to be measured at a eertain
height from the ground. In eutting to a diameter limit the inferior
species, such as gums, red maple and beech should be taken, as well as the
more valuable species, since it is very desirable to prevent these inferior
trees from gaining any advantage in the stand whieh is to sueecced
the one that is being cut. Unless special eare is taken in felling the
trees, cutting roads, and getting out saw-logs, a great deal of this young
growth will be destroyed. Some damage is unavoidable, but unreason-
able damage should be guarded against in framing the eontraet, even
if the priee seeured for the timber is a little less in eonsequence. There
are preeautions sueh as any carcful business man would take, and they
will pay well in the end.

The destruetion of the chestnut, eaused by the echestnut blight, has
introdueed a new problem in forest management. Where the chestnut
represented only a small pereentage of the mixture, natural seeding from
the other species has generally taken the place of the trees killed by the
blight. In places, however, where the chestnut forms a large percentage
of the trees in the forest, the killing of this speeies has created gaps that
will take many years to fill up satisfactorily, through natural means, and
the importanee of artificial seeding, or planting, to fill up these open
places is apparent.

For this purpose, it will, ordinarily, be necessary to use trees that will
stand a eonsiderable amount of shade. For the high dry ridges, the
planting of chestnut oak acorns will, probably, be most satisfactory,
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while on the slopes the planting of white pine seedlings is recommended.
On the lower slopes and better soils, the planting of red oak aeorns, or
of white pine seedlings, is to be recommended.

The extent to which eonservative forest management may be applied
in any ease will depend upon a number of faetors, ehief of whieh are the
danger of fire risk, and the market for the different kinds of forest
produets. If these eonditions are favorable, there is the opportunity
to praetiee forestry very profitably. Even if there is a serious fire risk,
and the present market eonditions are not favorable, the faet remains
that nearly all of this land will be held for timber produetion, and sinee
that is the ease, why not make the lands as produetive as possible,
espeeially as so mueh ean be done by way of improvement at little
expense. The danger from fires will rapidly deerease, as people gener-
ally eome to appreeiate the damage they do, and as the State makes
more liberal provisions for forest protection. The market for timber
produets is sure to improve, so that timber growing is certain to beeome
more remunerative. The landowners, who are taking eare of their
forests now, will be the ones who will have the timber to sell a few years
later, when so mueh better priees will, undoubtedly, be seeured.

ForEsT PLANTING

The forest survey of the County showed 65,650 acres, or 17% of the
total land area of the County as waste-land, exelusive of salt marshes.
This represents land upon whieh there is growing no erop of value, and
ineludes swamps, gullied hillsides, and other unproduetive areas. All
of this land will grow timber if planted or seeded with suitable speeies
of trees.

There is such a wide range of valuable native speeies in the County,
that it is possible to find kinds suitable for any eonditions that exist,
and for most of the waste-land, there is no more profitable erop that
ean be grown upon it than timber. Some of this land is suitable for
permanent pasture, and will eventually be so used, but for a large part
of it forest planting is the only solution of the problem.

It is not alone on the waste-lands of the County that planting is




MARYLAND GEOLOGICAL SURVEY BALTIMORE COUNTY, PLATE XXVII

' o i

I'1G. 1.—An original forest of mixed oak, hickory and tulip poplar, of which little is left,
but showing what can be grown again if properly proteeted and managed

I'16. 2.— View showing pine poles at White Marsh, Baltimore County
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practieable, but there is need for much forest planting on other lands,
such as the reinforeing of depleted woodlands, the providing for fenee
posts and other timbers on farms, where the supply of these materials
is lacking, the planting of strips for wind-breaks, the planting of lands
now used for other purposes, that would bring better returns in a timber
erop.

Before planting is undertaken, the area that it is proposed to plant
should be carefully examined with a view to scleeting the best species,
with reference to the soil, moisture conditions, and the purposes for
which the timber is to be grown.?

Trees For Forest Planting.—Black locust (Robinia pseudacacia),
also ealled yellow locust, or simply locust, is a native tree of rapid
growth, produeing a heavy, hard, durable wood, highly prized for fenee
posts, and for this purpose exceeds in value any other species. It casts
so little shade that grass and weeds will grow under the trees and com-
pete for moisture and soil fertility. For this reason and also because of
possible attack from the locust borer, it is advised to plant in mixture
with other speeies, of somewhat slower growth, that will endure shade,
and at the same time more eompletely shade the ground, such as white
pine, or red oak. The trees should be spaced 6 x 6 feet, in alternate
rows, with a row of white pine, or red oak, whichever is used in the
mixture on the outside of the plantation. On good soils the loeust will
grow 2—4 fect in height in a year. Fenee posts will be produced in about
15-20 years, leaving the other species to produce a timber crop some
years later. One-year-old locust seedlings should, generally, be used for
cstablishing the plantation.

White pine (Pinus strobus) is found growing naturally along the
Gunpowder River, and in the northern half of the County, and is
suitable for planting in all sections, except the southcastern on the
Coastal Plain. It is a rapid growing tree, averaging from one to two
feet in height, cach year, and produces a soft, even-grained wood, useful

$ The State Forester, Baltimore, Maryland, will upon request examine lands
and prepare planting plans. Planting stoek may be obtained from the State
Nursery at small cost.
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for many purposes. It will produce saw timber in 30 to 40 years on
good soil.

White pine is subject to attack by the white pine weevil,—an insect
that bores into the leader and kills it, often causing a forked stem.
This species has been extensively planted in the County, in the Gun-
powder watershed lands owned by Baltimore City, and appears to be
making a most satisfactory growth. A spacing of 6 x 6 feet, using two
year old seedlings, will generally give the best results on land that is
free from undergrowth. A mixture of locust with white pine is recom-
mended as most practical for fully utilizing the ground, using the same
spacing, 6 x 6 feet, but with alternate rows of locust, which will come
out for fence posts and stakes, when the pine necds more room.

Red oak, (Quercus borealis maxima) is one of the common native
trees, suitable for forest planting on medium to good soil. It is the
most rapid growing of the oaks, producing a heavy, hard, strong wood,
very useful on the farm for gencral construction purposes and for fuel
wood. Red oak is fairly tolerant of shade, and therefore, useful for
underplanting in woodlands in need of reinforcing. The best method
of propagation is by planting the seeds, two or thrce in each hole, where
the trees are needed. In establishing a plantation, a spacing of 5 x 5
feet is recommended when seed is used, and 6 x 6 when seedlings are
planted.

Other species that can be recommended under specifie conditions:

White ash, bottom lands or lower slopes.
Tulip poplar, bottom lands or lower slopes.
Black walnut, deep well-drained fertile soil.

Shortleaf pine, dry upland soil.
Loblolly pine, wet sandy soil of Coastal Plain.

FOREST PLANTING ON THE GUNPOWDER WATERSHED

The City of Baltimore derives its water supply from reservoirs created
in Baltimore County and for the purpose owns about 10,000 acres of
land about half of which is under water. Beginning in 1912 the city
adopted the policy of planting areas above the water line in forest trees
and up to the present time has planted about 550 acres. A continuous
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forest program will eventually bring all the eity owned watershed above
the flood line under a forest eover. The effeet of this forest eover is
to conserve the rainfall, prevent silting, beautify the landscape and

provide revenues from timber growing.

The plantations already established, eonsisting of ten or more differ-
ent species, form a valuable demonstration of the value of each speeies
for forest planting.

BASKET WILLOW CULTURE

The growing of basket willows is an important industry centered
around Baltimore, particularly in the vicinity of Lansdowne, Patapsco,
Rosedale, and Catonsville, There are 13 willow gardens in Baltimore
County eomprising a little over 46 aeres. This acreage could be greatly
increased with profit, as there are extensive areas in the County suitable
for the purpose. The best gardens are on flat land which, however, is
not, water soaked during the growing season. Willows will grow on land
that is wet during the winter and spring, but they must have reasonably
dry surface eonditions during the summer growing season. On the
other hand, willows will not thrive on lands where the permanent water
table is morc than 6 feet below the surface.

There are three standard varicties that are principally used, the
Lemley, the American Green, and thec Welsh. In Baltimore County
there are 20.25 aeres in Lemley, 21.50 in American Green, and 4.50 in
Welsh. The net annual returns from willow gardens when established
range from $75 to $200 per acre. Further information about willow
culture is contained in a report of the State Board of Forestry entitled
“Basket Willow Culture in Maryland,” by Karl E. Pfeiffer, Assistant
Forester.

SUMMARY

99,041 acres whieh is 289, of the land area of Baltimore County, is
in woodland. This area is suffieient to supply the timber requirements,
if maximum production can be secured.

The woodlands arc confined, generally, to the rocky ridges, steep
slopes, or wet bottom lands—soils not suited for field crops.
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The forest lands are not producing more than one-half of their maxi-
mum yield, due to forest fires, destructive cutting methods, grazing,
and tree diseases, causing depleted woodlands.

Adequate forest fire protection and good forest management would
in a few years increcase the timber production and forest revenues 50%.

The demand for forest products is exceptionally good, transportation

for such products to nearby markets especially favorable, resulting in
good prices.

The timber cut of the County has an annual value of $500,000 at the
shipping points.

There are 63,650 acres of waste-land in the County upon which
nothing of valuc is being produced. Most of this area is suitable for
forests, which, if planted to trees, will produce a good paying crop.

The growing of basket willows is, probably, the most profitable use
of many small areas of low ground along streams subject to overflow and
too wet for other cultivated crops.
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o, 1—=Yiow showing thy bavor envuzed by pnrostricted lomlering

I16. 2.—View showing the result of a timber operation where the trees for eutting
were marked by the State Board of TForestry, the small trees and young growth being
fully protected for a second erop.
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Westport Paving Brick Company, 273
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Whittaker’s furnace, 223
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character of the metamorphism,
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chemical composition, 171
igneous intrusions, 175
lithologic character, 168
thickness, 175
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Wright’s Mill quarry, 260
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